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NEC's consumer ICs include a variety of devices which are built into the electronic equipment found nowadays in most 
homes. They are used to control audio and video systems, transmit and display information, store data, drive clocks and for 
many other functions. 

Infrared remote controllers for home entertainment like VCR, TV and audio equipment are extremly popular. Their use is 
spreading to household appliances and new application fields like car locks, security systems, burglar alarms and air- 
conditioning systems. 

The NEC consumer data book is divided into the following sections: 



1 . General Information. This section gives a general overview of NEC's consumer devices and the structure of the data 
book. 

2. H.PD1 7K-Family. In this section you will find all devices of our H.PD1 7K-Family separated into 5 main groups: 

- the nPD1 70xx series (digital tuning systems) 

- the y.PD171xx series (consumer specific microcomputers) 

- the nPD1 72xx series (remote controllers) 

- the H.PD1 73xx series (home automation controllers) 

- the [iPD1 74xx series (special consumer applications) 

3. Instruction Manual of the ^iPD1 7K-Family. This section provides you with information about the architecture and the 
instruction set of this device family. 
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17K- Family 

• One machine-cycle instruction execution 

• General Register Machine not just Accu based CPU 

• 16 bit instruction length 



170xx 



171xx 



172xx 



• Digital tuning systems 

• Serial interface 

• A/D -D/A-converters 

• IF-counter 

• LCD-driver 

• Image display controller 

• PLL 



• White goods controllers 

• Low power consumption 

• General purpose 

• Serial interface 

• A/D-converter 

• Timer 

• Low voltage operation 



• Remote controller 

• Low voltage operation 

• Carrier frequency generation 

• Low voltage detection circuit 

• Constant LCD Voltage circuit 

• Learning remote controller 

• Built-in preamplifier 

• Large static RAM 



170xx- Overview 





DTS (TUNERS) 


LCD-TV/VCR 


Portable TV; 
Voltage symthesizer 


17001 


17003A 


17005 | 17010 


17006 


17002 


17008 


17051 | 17052 


17053 


ROM (words) 


3836 


3836 


7932 


12288 


3968 


16256 


8192 


12288 


RAM (words) 


224 


320 


432 


896 


336 


672 


448 


672 


Stack levels 


7 | 9 


7 


6 


7 


6 


7 


Minimum instruction 
execution time 


4.44us/4.5MHz 


1.78^s/ 
4.5MHz 


2iis/8MHz 


ADCs 


6x6 bit 


6 x 8 bit 


6 x 4 bit 


8x4bit 


DACs (PWM) 


3 x 8 bit 


3 x 9 bit 


4 x 6 bit 


9 x 8 bit 
6 x 6 bit 


3 x 6 bit 


4x6 bit 


Amplifiers 


1 






Int/ext. interrupts 


3/1 


3/2 


4/2 


-h 


Serial interface 


1 channel 
3 wires 

1 channel 
2 wires 


2 channels 3 wires 
1 channels 2 wires 


1 channel 3 wires 
1 channel 2 wires 


l/O-Ports 


12 


16 | 48 


15 | 16 | 15 | 20 


Input-Ports 


8 


4 


Output-Ports 


12 


9 


11 


8 | 25 | 12 | 20 


LCD Driver 




30 segments / 2 common 






IDC 


charact. on screen 




99 


200 


97 


99 


199 


different types 




120 


248 


128 


128 


256 


Counter 


16 bit IF counter 


Vsync-; Hsync- counter 


PLL/voltage 
synthesizer 


150 MHz 
PLL 


250 MHz 
PLL 


150 MHz 
PLL 


15 MHz PLL 
(ext. prescaler required) 


14bitD/A(PWM) 
Voltage synthesizer 


Pins Package 


48 QFP 


80 QFP 


48 

SDIP/QFP 


64 
SDIP 


48 
SDIP 


64 SDIP 


OTP 


17P001 


17P005 


17P010 


17P006 


No OTP 
version 


17P008 


No OTP version 
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171 xx -Overview 





17102 


17106 


17103 (L)* 1 17104 (L)* 1 17107(L)* |17108(L)* 


17134A 


17136A 


17135A 


17137A 


ROM (words) 


2048 


4096 


512 


1024 


2048 


1024 


2048 


RAM (words) 


222 


178 


16 


112 


Stack levels 


3 


7 


1 


5 


Minimum 
instruction 
execution time 


2 us/ 8 MHz 


STD: Vdd 4.5 - 6V 
2 ms/8 MHz 


STD: Vdd4.5-6V 
8 ms /1 MHz 


8 ms / 1 MHz 


2 ms / 8MHz 


L Vdd 1.8 -3.6 V 
8 MS 12 MHz 


L Vdd 1.5 -3.6 V 
40 ms /200kHz 


ADCs 


6 bits 
4 channels 




1 x8 bit/ 4 channel 


DACs (PWM) 


1x6 bit 




Timers 


8 bit 
2 channels 




8 bit / 2 channels + watchdog 


Zero-Cross 
Detectors 


1 




1 ' 


Int/ext. 
interrupts 


2/3 


2/1 




4/1 


Serial interface 


1 channel 
3 wires 


2 channels 
2 and 3 wires 




1 channel 3 wires 


LCD-Driver 


48 

segments 


176 
segments 




l/O-Ports 


16 


5 


11 




11 


16 


21 


Input-Ports 


8 


4 




Output-Ports 


14 




Amplifiers 


2 




Clock 
Generator 


Ceramic resonator 


RC oscillator 


Ceramic 
resonator 


Pins Package 


52 
QFP 


64 
QFP 


16 DIP 
16 SOP 


22 SDIP 
24 QFP 


16 DIP 
16 SOP 


22 SDIP 
24 SOP 


28 SDIP 
28 SOP 


OTP 


No OTP 
version 


17P106 


17P103 


17P104 


17P107 


17P108 


17P136A 


17P137A 



* L Low voltage version 
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1 72xx - Overview 





17201 A 


17207 


17202A 


17203A 


17204 


ROM (words) 


3072 


4096 


2048 


4096 


7936 


RAM (words) 


336 


112 


336 
+ 4096 SRAM 


336 
+ 2048 SRAM 


Stack levels 


5 


7 


Instr.exec. time 


4ns/4MHz 


ADCs 


4x8 bit 








Timers 


8 bit + watchdog 


8 bit / 1 bit / 1 6 bit + watchdog 


Ext. interrupt 


1 


Serial interface 


1 




1 


l/O-Ports 


19 


16 


28 


LCD-Drivers 


34 segments + 4 common 


24 segments 
+ 4 common 






Pins Package 


80 QFP 


64 QFP 


52 QFP 


OTP 


17P207 


17P202A 


17P203A 


17P204 



Common features: 

• Low voltage operation (2.0V) • Low voltage detection circuit 
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^PD17001 



BUILT-IN PRESCALER 



/2PD17001 is a 4 bits CMOS microcomputer for Digital Tuning System implemented prescaler (operational fre- 
quency up to 150 MHz), PLL frequency synthesizer and IF counter on chip. 

CPU applies juPD17000 architecture which operates data memory directly without accumulater, and it realizes 
effective programming. 

All instructions consist of 16 bits one word. 

As PLL frequency synthesizer can apply pulse swallow method, high performance tuner is easily constructed 
by selecting high reference frequency like 50 kHz or 100 kHz. 

In addition, station detect is realized by counting intermediate frequency of tuner using built-in 16 bits IF 
counter. 

As system development support tools of /UPD17001, IE-17K (In Circuit Emulator) and AS17K (assembler) are 
prepared. 



FEATURES 

• 4 bits microcomputer for Digital Tuning System 

• program memory (ROM) 

: 8 K bytes (16 bits x 3836 steps) 

• data memory (RAM) 

: 224 words (4 bits x 224 words) 

• stack level: 7 

• 35 types of simple instruction 

• decimal operation 

• instruction execution time: 4.44 /us 

(with 4.5 MHz crystal oscillator) 

• built-in PLL frequency synthesizer and 150 MHz 
prescaler 

• 12 types of reference frequencies can be selected 
by software. 

1, 1.25, 2.5, 3, 5, 6.25, 9, 10, 12.5, 25, 50, 100 kHz 

• built-in amplifier for LPF (Low pass filter) 



• built-in IF counter (AMIFC, FMIFC) 

• built-in 8 bits serial interface 

1 system 2 channels: 3 wire or 2 wire system 

• built-in D/A converter: 8 bits x 3 (PWM output) 

• built-in A/D converter: 6 bits x 6 

• built-in discharge detection circuit and power on 
reset circuit 

• interrupt 

external interrupt: 2 channels 
internal interrupt: 3 channels 

• various I/O ports 

input/output ports: 12 lines 
input ports 8 lines 

output ports : 12 lines 

• built-in CGP (Clock Generator Port) 

• single power supply (5 V±10 %) 

• CMOS low power consumption 

• 48-pin plastic QFP 



Notes on Serial interface: 

The 2-wire mode corresponds to the l2C-Bus specification from Philips. 
In case of using this interface mode note the following: 

Duties when using I2C bus system 

Purchase of NEC's I2C bus system hardware components conveys a license under the Philips I2C patents rights 
to use this components in an I2C system, provided that the system conforms the I2C standard specifications as 
defined by Philips. 

Consequently for all ROM based components with I2C hardware circuits the user is kindly requested to notify the 
use of the I2C bus interface at the ROM code verification stage. 
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PIN CONFIGURATION (Top View) 



mum 



O CMOS 
3-states 



N-ch 
open drain 




38)- — O 


P1A 2 /AMIFC 




GND 




P1 A1/ADC5/FCG 


35]- O 


PIA0/ADC4 


34^- 


POD3/ADC3 




POD2/ADC2 


32]- O 


POD-1/ADC1 


3l}- O 


POD0/ADC0 


3o] — -O 


POC3 




P0C 2 


28] — -O 


POC1 


27] — MD 


POC 


26]— -O 


POB3 


25}-— 


POB2 
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|iPD17001 



BLOCK DIAGRAM 



O E0 



O PIA3/FMIFC 



O PIA2/AMIFC 




O P0D /AOC /FCG 
O POD1/ADC1 
O POD2/ADC2 
O POD3/ADC3 
O PIA0/ADC4 
O PIA1/ADC5 



P1C /CGP 
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^iPD17P001 



BUILT-IN EPROM, PRESCALER 



^PD17P001 is a 4 bits CMOS microcomputer for Digital Tuning System implemented EPROM, prescaler (oper- 
ational frequency up to 150 MHz), PLL frequency synthesizer and IF counter on chip. 

CPU applies juPD17000 architecture which operates data memory directly without accumulater, and it realizes 
effective programming. 

All instructions consist of 16 bits one word. 

As PLL frequency synthesizer can apply pulse swallow method, high performance tuner is easily constructed 
by selecting high reference frequency like 50 kHz or 100 kHz. 

In addition, station detect is realized by counting intermediate frequency of tuner using built-in 16 bits IF 
counter. 

£iPD17P001 is the most suitable for evaluating the program of /uPD17001 or for producing a few products be- 
cause juPD17P001 is built-in EPROM. 

As system development support tools of juPD17P001, IE-17K (In Circuit Emulator) and AS17K (assembler) 
are prepared. 



FEATURES 

• 4 bits microcomputer for Digital Tuning System 

• program memory (EPROM) 

: 8 K bytes (16 bits x 3836 steps) 

• data memory (RAM) 

: 224 words (4 bits x 224 words) 

• stack level: 7 

• 35 types of simple instruction sets 

• decimal operation 

• instruction execution time: 4.44 /us 

(with 4.5 MHz crystal oscillator) 

• built-in PLL frequency synthesizer and 150 MHz 
prescaler 

• 12 types of reference frequencies can be selected 
by software. 

1, 1.25, 2.5, 3, 5, 6.25, 9, 10, 12.5, 25, 50, 100 kHz 

• built-in amplifier for LPF (Low pass filter) 

• built-in IF counter (AMIFC, FMIFC) 

• built-in 8 bits serial interface 

1 system 2 channels: 3 wire or 2 wire system 



• built-in D/A converter: 8 bits x 3 (PWM output) 

• built-in A/D converter: 6 bits x 6 

• built-in discharge detection circuit and power on 
reset circuit 

• interrupt 

external interrupt: 2 channels 
internal interrupt: 3 channels 

• various I/O ports 

input/output ports: 12 lines 
input ports 8 lines 

output ports : 12 lines 

• built-in CGP (Clock Generator Port) 

• single power supply (5 V±10 %) 

• CMOS low power consumption 

© Product of mask ROM version: /iPD17001 

• 48-pin plastic QFP 



2-11 



IIPD17P00.1 



NEC 



PIN CONFIGURATION (Top View) 



LPF| N O— [T 

v L pf o — -|T 

LPF OUT O- [T 

GNDlpf o_ 

CE O— »(T 

INT O 

P1B o— [7 
PIEh o«(T 
P1B 2 O— 
PIB3 O*-*|l0 

P1C /CGP O- [T7 

PICt/PWMq O- [?2 

PIC2/PWM1 o- — F3 

PIC3/PWM2 o- — 



O CMOS 
3-states 



N-ch 
open drain 




N-ch 
open drair 



15 l||Jl^l|]l|ll|ll|Jl^l|ll|l 



38|- — O 


P1A 2 /AMIFC 




GND 


36j- O 


P1 A1/ADC5/FCG 


35]- O 


PIA0/ADC4 




POD3/ADC3 


33j- O 


POD2/ADC2 




POD-i/ADC-i 


3T}— — O 


POD /ADC 




POC3 




P0C 2 


28] — -O 


POCt 


27] — -O 


poc 


26]— — O 


POB3 


25]— *o 


POB2 
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BLOCK DIAGRAM 



O E0 



0'P1A3/FMIFC 



O P1A2/AMIFC 




-O POD /ADC /FCG 
■O POD 1 /ADC 1 
O POD2/ADC2 
O POD3/ADC3 
O PIA0/ADC4 
O PIA-1/ADC5 



P1C /CGP 



j\ Program Counter | 



Stack 7x12 bits 
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DIGITAL TUNING SYSTEM HARDWARE BUILT-IN 
4-BIT SINGLE CHIP MICRO CONTROLLER 

/iPD17003A is a 4-bit single chip CMOS micro controller which contains digital tuning system hardware. 

17K architecture is used for CPU, data and memory manipulations and various types of operations, and 
peripheral hardware control can be performed directly by one instruction. 

Peripheral hardware devices include a prescaler which operates upto 250 MHz, PLL frequency synthesizer, LPF 
(Low Pass Filter) amplifier, and frequency counter for digital tuning in addition to various types of input/output 
ports, LCD controller/driver, A/D converter, D/A converter (PWM output), and clock generator ports. 

Consequently, a high performance digital tuning system with a variety of functions can be constructed using 
only one chip. ^PD17005 (note) is available as the product which is pin-compatible with/iPD17003A and whose 
memory size (ROM) is extended. One-time PROM version //PD17P005 (note) is available as /xPD17005, and 
jxPD17P005 can be used for program evaluation of/iPD17003A at small volume production. 

FEATURES 

• Using 17K architecture • Instruction execution time 

• Program memory (ROM) 4.44 fis (using 4.5 MHz quarts oscillator) 
8K bytes (3836 steps x 16 bits) • Decimal operation enabled 

• General purpose data memory (RAM) • Table reference enabled 

320 nibble (320 words x 4 bits) • Built-in PLL frequency synthesizer hardware 

• Dual modules prescaler (250 MHz Max.), programmable divider, phase comparator, charge pump, and LPF 
amplifier 

• Various types of peripheral hardware 

General purpose input/output ports, LCD controller/driver, serial interface, A/D 
converter, D/A converter (PWM output), clock generator, ports, and frequency 
counter 

• Various types of interrupt 

External interrupt : 2 channels 
Internal interrupt 3 channels 

• Power On Reset, resetting by a CE pin, and built-in blackout detection circuit 

• CMOS low power consumption 

• Power supply voltage 5 V ±10% 



ORDERING INFORMATION 



Order Code Package 
^PD17003AGF-XXX-3B9 80-pin plastic QFP (14 x 20) 

Notes on Serial interface: 

The 2-wire mode corresponds to the l2C-Bus specification from Philips. 
In case of using this interface mode note the following: 



Duties when using I2C bus system 

Purchase of NEC's I2C bus system hardware components conveys a license under the Philips I2C patents rights 
to use this components in an I2C system, provided that the system conforms the I2C standard specifications as 
defined by Philips. 

Consequently for all ROM based components with I2C hardware circuits the user is kindly requested to notify the 
use of the I2C bus interface at the ROM code verification stage. 
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AIPD17003A FUNCTION OUTLINE 



Item 


Function 


Program memory (ROM) 


• 8K bytes (3836 steps x 16 bits). 

Table reference area: up to 256 steps x 16 bits 


General data memory 
(RAM) 


• *39n nihhlo /^90 wnrrlc v A hitd 

Data buffer: 4 nibbles 
General register: 16 nibbles 


System register 


• 12 nibbles 


Register file 


• 33 nibbles (control register) 


General port register 

/inMnHinn I <"T) Hr»t Hat a 

\ 1 1 \JKJ 1 1 1 y L.VsL/ UUL UCtlCI 

register) 


• 24 nibbles 


Instruction execution time 


• 4.44 jis (using 4.5 MHz quarts oscillator) 


Stack level 


• 7 levels (stack operation enabled) 


General purpose port 


• Input/output port: 16 

• Input ports: 8 

• Output ports: 9 

(+30: LCD segment pin) 


Clock generator port (CGP) 


• 1 

VDP (Variable Duty Pulse) and SG (Signal Generator) 
functions 


LCD controller/driver 


• 30 segments, 2 common 

1/2 duty, 1/2 bias, frame frequency 250 Hz, driving voltage Vdd, 
segment pin used also for key source: 16 ports 
All of the 30 ports can be used as output ports 
(4 ports, 4 ports, 6 ports, and 16 ports can be set independ- 
ently) 


Serial interface 


• Two types (3 channels) 

8-bit 3-wire system: 2 channels 
8-bit 2-wire system: 1 channel 


D/A converter 


• 8 bits x 3 (PWM output and output resisting pressure 16 V 
Max.) 
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Item 


Function 


A/D converter 


• 6 bits x 6 (consecutive comparison method by software) 


Interrupt 


• 5 channels (maskable interrupt) 

External interrupt: 2 channels (INTo pin and INTi pin) 
Internal interrupt: 3 channels (timer, serial interface 1, 
and frequency counter) 


Timer 


• Two types 

Timer carry FF (1, 5, 100, 250 ms) 
Timer interrupt (1, 5, 10, 250 ms) 


Reset 


• Power On Reset (at power supply connection) 

• Resetting by CE pin (CE pin Low - High) 

• Blackout detection function 




Division 
method 


• 2 types 

rViroot Hiwicirvn mpthnrl (\JCO\ nin 9H MW7 Mav \ 

L/lltJUL (JlVlblUII IlltJWIUU (V^UL (Jill \\\V\L IVIdX./ 

Pulse swallow method (VCOL pin 40 MHz Max.) 

(VCOH pin 250 MHz Max.) 


PLL 

frequency 
synthesizer 


Reference 
frequency 


• 12 types are selected by the program 1, 1.25, 2.5, 3, 5, 6.25, 9, 

IV, Iz.b, ZD, b(J, lUU kHz 


Charge 
pump 


• Two independent error output 




Phase 
comparator 


• Unlocking can be detected by a program 
Unlocking FF delay time can selected 




LPF amplifier 


• CMOS operation amplifier output resisting pressure 16 V Max. 


Frequency counter 


• Frequency test 

P1D 3 / FMIFC pin 5 to 15 MHz 
P1D2 / AMIFC pin 0.1 to 1 MHz 

• External gate width test 
POA1 / FCG pin 


Power supply voltage 


5V±10% 


Package 


80-pin plastic QFP 
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■ Program memory (ROM) 



Instruction 
All the instructions are 16-bit one-word 
instructions 



Constant data 
Can be transferred to data buffer 
(table reference) 



Peripheral hardware 



Frequency 
counter 



A/D 

converter 



-Data memory (RAM) - 



- Control section - 



Program counter 



Data memory address 



Data buffer 
Setting peripheral 
hardware data 



General register 
Performs operation and transfer between 
data memory and other data memory 



Stack 
Stack operation 
enabled 



2£ 



Operation 
Decimal operation enabled 



System register 
Controls CPU peripheral 
circuits 



Window register 



LCD dot register 
Display data is set 



D/A 

converter 



Serial 
interface 



General output port 
register 

Input and output data 
is set 



Register file 



Set peripheral hardware conditions 
Set data via a window register 



Clock 
generator 



LCD 

controller/ 
driver 



_ General 
"purpose port " 



Input 
port 



Output 
port 



I nput/ 
output 
port 



SEC 



HPD17003A 



PIN CONFIGURATION (Top View) 
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POCiCK" 
POCoO- 
P0A3 / SDAO- 
POA2 / SCLO- 
POAi / SCKiO- 
POAo / SOi O- 
P0B3 / ShO- 
POB2/ SCK2O— 



POBi /SO2O- 
POBo/ SI2O- 
INTiO— 
INToO— 
CE CA- 
PIAS O— 
PIA2O- 
PIA10- 
P1Ao / FCGO— 



P1B3 / PWM2O— 
PIB2 / PWM1O- 
P1Bi / PWMoO- 
P1 Bo / CGPO- 
P1C3 0- 
PIC2O— 
PIC1 O- 



000000000000000 




CMOS 
3 state 



64}_ 
63}- 

m- 

3D- 

6oT— 

"59T— 
"58|- 



"561— 
"55>- 



ZD- 
U- 

30- 

46}- 

u- 

44}- 

CMOS 42}- 

3D- 



"53>- 

m- 

50V 
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-*0 LCD10 / 
— OLCD11 / 
—O LCD12 / 
— O LCD13 / 
LCDu / 
-•O LCD15 / 
— «0 LCDie / 
— »0 LCD17 / 
— O LCD18 / 
— O LCD19 / 



-O LCD20 / 
-O LCD21 / 
-O LCD22 / 
♦O LCD23 / 
-O LCD24 / 
♦O LCD25 / 
♦O LCD26 / 
■*0 LCD27 / 



-+0 LCD28 / 
♦O LCD29 / 
♦OCOMo 

-OCOM1 

*0 P2Ao 

-OVDD2 



POY10 / KS10 

POY11 / KS11 

POY12 / KS12 

POY13 / KS13 

POYu / KSm 

POY15 / KS15 

POXi 

POX1 

POX2 

POXs 

P0X4 

POXb 

POEo 

POEi 

POE2 

POEs 

POFo 

POFi 

POF2 

POFs 



Q Q r r 
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1. PIN FUNCTIONS 

1.1 EXPLANATION ON EACH PIN FUNCTION 



PIN 
NO. 


oYMdUL 


INPUT/ 
OUTPUT 


OUTPUT 
MODE 


PIN 
NAME 


CI 1 M^TIAM 

rUNL 1 IUN 












4-bit general purpose output port. 












Can be specified as an input or output 












port in 4-bit units (group I/O). Input/ 


79 


P0C3 








output is specified by the P0CGPIO 


80 


POC2 


Input/ 


CMOS 




register (address 27H) of a register file. 


POC1 


Push-Pull 


Port OC 


The POC register (address 27H of 


1 


Output 




2 


POCo 






BANKO) of the port register is used for 










reading input data and setting output 












data. 












At Power On Reset, Clock Stop instruc- 












tion execution, or CE Reset, these pins 












are specified as input ports. 


3 
4 
5 
6 


POA3 / SDA 
POA2 / SCL 
POAt / SCKi 
POAo / SO1 


Input/ 
Output 


^ N-ch 
. open 
drain 

CMOS 
' Push- 
Pull 


Port OA 


Used as a 4-bit general purpose input/ 
output port and also for serial inter- 
face. 

A general purpose input/output port 
and serial interface is switched by the 
SI01MODE register (address 08H) and 
SI02M0DE register (address 02H) of 
the SI01MODE register of the register 
file. 

(1) When the pin is used as a 4-bit 
general purpose input/output port 

The port can be specified as an 

inniit nr niitnnt nnrt in hit unite 

M Ip/Ul Ul UUipUL |JUI I III UIL U 1 1 1 lO 

(bit I/O). 

Input or output is specified by the 
P0ABIO register (address 35H) of 
the register file. 

The POA register (address 70H of 
BANKO) is used for reading input 
data and output data and setting 
the port register. Since POA3 / 
SDA, and POA2 / SCL pins are N-ch 
open drain output, pull-up resis- 
tance is required in the external 
section. 
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NO. 



SYMBOL 



INPUT/ 
OUTPUT 



OUTPUT 
MODE 



PIN 
NAME 



FUNCTION 



P0A3 / SDA 
POA2 / SCL 
POA1 / SCK1 
POAo / SOi 



Input/ 
Output 



N-ch 
open 
drain 

CMOS 
Push- 
Pull 



Port OA 



(2) When the pins are used for serial 
interface 

Two types of serial interfaces are 
available, serial interface 1 and 
serial interface 2 including Port OB 
(pin numbers 7 to 10). 
Serial interface 1 and serial inter- 
face 2 can be used concurrently. 
Two channels of a 2-wire system 
and 3-wire system can be used for 
serial interface 1 and one channel 
of a 3-wire system can be used for 
serial interface 2. 
When using serial interface 1, 
specify pins from the SI01MODE 
register of the register file and 
when using serial interface 2, 
specify pins using SI02MODE 
register. 

The function of each pin is listed 
below. 



Pin name 


Function 


Operating 


mode 


POAa / 
SDA 


Data 

input/ 

output 


2- 




POA2 / 
SCL 


Clock 
input/ 
output 


wire 


Serial 


POA1 / 
SCK1 


Clock 
input/ 
output 




inter- 
face 1 


POAo / 
SOi 


Data 
output 


3- 

wire 




POBs/ 


Data 






Sh 


input 
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PIN 
NO. 



SYMBOL 



INPUT/ 
OUTPUT 



OUTPUT 
MODE 



PIN 
NAME 



FUNCTION 



P0A3 / SDA 
POA2 /SCL 
POAi / SCK1 
POAo / SOi 



Input/ 
Output 



N-ch 
open 
drain 

CMOS 
Push- 
Pull 



Port OA 



Pin name 


Function 


Operating 
mode 


POB2 / 
SCK2 


Clock 
input/ 
output 


3- 

wire 


Serial 
inter- 
face 2 


POBi / 
SO2 


Data 
output 


POBo / 
SI2 


Data 
input 



Since pins POA3 / SDA and POA2 / SCL 
are N-ch open drain, Pull-Up resistance 
is required externally. 
At Power On Reset, Clock Stop instruc- 
tion execution, and CE Reset, all of 
these pins are specified as input ports 
of general purpose input/output ports. 



POB3 / Sh 
POB2 / SCK2 
POBi / SO2 
POBo / SI2 



Input/ 
Output 



CMOS 
Push-Pull 



Port OB 



Used for 4-bit general purpose input/ 
output ports and also for serial 
interface 

The SI01MODE register (address 08H) 
or SI02MODE register (address 02H) of 
the register file are used for switching 
the function as general purpose input/ 
output port to serial interface or vice 
versa. 

(1) When using the pins as 4-bit 
general purpose input/output 
ports 

The pins can be specified as input 
or output ports in bit units (bit 
I/O). 

Input or output is specified by the 
POBBIO register (address 35H) of 
the register file. 

The POB register (address 71 H of 
BANKO) of the port register is used 
for reading input data and setting 
output data. 
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PIN 
NO. 


SYMBOL 


INPUT/ 
OUTPUT 


OUTPUT 
MODE 


PIN 
NAME 


FUNCTION 


7 
8 
9 

10 


POBs / Sh 
POB2 / SCK2 
POB1 / SO2 
POBo / SI2 


Input/ 
Output 


CMOS 
Push-Pull 


Port OB 


(2) When the pins are used for serial 
interface 

Two types of serial interface can 
be used including Port OA (ad- 
dresses 3 to 6), serial interface 1 
and serial interface 2. 
See the explanation on Port OA for 
the function of each pin. 
At Power On Reset, Clock Stop 
instruction execution, and CE 
Reset, all of these pins are speci- 
fied as input ports of general 
purpose input/output ports. 


11 
12 


INTi 
INTo 


Input 




Interrupt 


External interrupt request input pin. 
An interrupt request is issued from the 
input signal rising edge or falling edge 
of the input signal added to the pin. A 
rising edge and a falling edge can be 
specified by the INTEDGE register 
(address 1FH) of the register file using 
INTo pin and INT1 pin independently. 
Even if an interrupt request is issued, 
interrupt cannot be accepted unless it 
is permitted (maskable interrupt). 
Types of interrupt permission include 
permission of all the interrupts by the 
El instruction and permission of the 
interrupt of each INTo pin and INTi pin. 
Permission of interrupt for each pin is 
specified by the INTPM2 register 
(address 2FH) of the register file. 
When interrupt is permitted and when 
an interrupt request is issued, the 
interrupt is accepted. When interrupt 
is accepted, control of the program is 
passed to address 0005H in the case of 
interrupt by the INTo pin and address 
0004H in the case of interrupt by the 
INTi pin. 

When interrupts for both INTo pin and 
INTi pin are allowed and when inter- 
rupts for both pins are issued, priority 
is given to the interrupt by INTo pin. 



2-23 



[IPD17003A 



NEC 



PIN 
NO. 


SYMBOL 


INPUT/ 
OUTPUT 


OUTPUT 
MODE 


PIN 
NAME 


FUNCTION 


11 
12 


INTi 
INTo 


Input 




Interrupt 


Even if an interrupt is not permitted, 
the issuing of an interrupt request can 
be checked using the INTREQ2 register 
(address 3FH) of the register file. 
When an interrupt function is not used, 
the input level of each pin can be de- 
tected by the INTJDG register (address 
OFH) of the register file, and the pin can 
be used as a general purpose input 
port. 

At Power On Reset, Clock Stop Instruc- 
tion execution, or CE Reset, the inter- 
rupt permission and interrupt request 
are reset. 


13 


CE 


Input 




Chip 
Enable 


Input pins for device operation selec- 
tion signal and reset signal. 
Device operation selection is to select 
the operation of the PLL frequency 
synthesizer and standby status as 
described below. 
(1) Device operation selection 

When the CE pin is at a High level, 
the PLL frequency synthesizer 
section can be operated. 
When the CE pin is at a Low level, 
the PLL frequency synthesizer 
section sets to a Disable state 
(operation prohibited) automati- 
cally in the device internal section. 
When the CE pin is at a Low level, 
the operation of quartz oscillation 
circuits in the internal section and 
CPU can be stopped by executing 
a Clock Stop instruction and data 
memory can be kept under a low 
consumption current (15 /jA or 
less) (at CE pin = High level, the 
Clock Stop instruction operates as 
the NOP instruction). At execution 
of a Clock Stop instruction, the 
LCD controller/driver is set to a 
Display Off mode (LCDo to LCD29, 
COMo, COMi pin are Low level 
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PIN 
NO. 


SYMBOL 


INPUT/ 
OUTPUT 


OUTPUT 
MODE 


PIN 
NAME 


FUNCTION 


13 


CE 


Input 




Chip 
Enable 


output) and general purpose input- 
output ports (Port OA, Port OB, Port 
OC, and Port 1A) are used as input 
ports. 

(2) Reset signal input 

When the CE pin is changed from 
a Low level to High level, the 
device is reset by synchronizing 
with the Timer Carry FF of the 
internal section (CE Reset). 
When the device is reset, the 
program starts from address 0. In 
this case, the general purpose 
input/output ports are used as 
input ports. 

Since four types of internal Timer 
Carry FF, 1, 5, 100, and 250 ms can 
be selected, the time elapsing 
from when the pin is changed 
from the Low level to High level 
until the device is reset can be 
selected. However, if a Clock Stop 
instruction has been executed, the 
device is reset about 100 ms after 
the CE pin is changed to a High 
level. 

This pin does not accept a Low 
level or High level of less than 100 
to 165 ^s to prevent operation 
error due to noise. 
By using the CEJDG register 
(address 07H) of the register file, 
the input signal level of this pin 
can be detected. In this case also, 
the contents of the CEJDG register 
do not change at a Low level or 
High level of less than 110 to 165 

flS. 

Shumit Trigger input with hyster- 
isis feature is used for this pin. 
Note that a voltage higher than 
that of Vdd pin must not be sup- 
plied at power connection. 
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NO. 


SYMBOL 


INPUT/ 
OUTPUT 


OUTPUT 
MODE 


PIN 
NAME 


FUNCTION 












Used as a 4-bit general purpose input/ 












output port and also as an external 












gate counter (P1Ao / FCG pin). 












The switching between the general 












purpose input/output port and an 












external gate counter is performed by 












the IFCMODE register (address 12H) of 












the register file. 












(1) When the port is used as a 4-bit 












general purpose input/output port 












The port can be specified as an 












input or output port in bit units 












(bit I/O). 












Input or output is specified by the 












P1A register (address 35H) of the 












register file. 


14 


P1A3 








The P1ABIO register (address 70H 




CMOS 




of BANK1) of the port register is 


15 


P1A2 


Input 


Push- 


Port 1A 


used for reading input data and 


16 


P1Ai 


Output 


Pull 


setting output data. 


17 


P1Ao / FCG 






(2) When the port is used as an 












external gate counter (FCG) 












(P1Ao / FCG pin) 












The counter counts the time from 












one rising edge to the next rising 












edge of the signal sent to the 












P1Ao / FCG pin. A reference 












frequency (1 kHz, 100 kHz, 900 kHz) 












of the internal section is counted 












by a 16-bit counter. The external 












gate counter is specified by the 












IFCMODE register (address 12H) 












and IFCCONT register (address 












23H) of the register file. 












The PIAo / FCG pin must be speci- 












fied as the input port by the 












P1ABIO register (address 35H). 












Since the IFCMODE register and 












IFCCONT register control the 












frequency conter (PID3 / FMIFC 












and PID2 / AMIFC pins) and a clock 
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PIN 
NO. 


SYMBOL 


INPUT/ 
OUTPUT 


OUTPUT 
MODE 


PIN 
NAME 


FUNCTION 












generator port (P1Bo / CGP pin) 












also, an external gate counter, 












frequency counter, and a lock 


14 


P1A3 








generator port cannot be used 


15 


P1A2 


Input 


CMOS 


Port 1A 


concurrently. 


16 


P1Ai 


Output 


Push-Pull 




17 


PIAo / FCG 








At Power On Reset, execution of a 
Clock Stop instruction, and CE Reset, 
all of these pins are specified for input 
ports of the general input/output ports. 












Used as a 4-bit general output port, 












D/A converter (PIB2 / PWM2, PIB2 / 












PWM1, P1Bi / PWNo pins), and a clock 












generator port (P1Bo / CGP pin). 












The PWMMODE register (address 13H) 












of the register file is used for switching 












the general output port, D/A converter 












and a clock generator port. 












( 1 ) When the port is used as a 4-bit 












general purpose output port 












The P1B register (address 71 H of 


18 
19 
20 


P1B3 / PWM2 
PIB2 / PWM1 
PIB1/PWM0 


Output 


N-ch 
r open 
drain 


Port 1B 


BANK1) of the port register is used 
for setting output data. 
The pins PIBs / PWM2, PIB2 / PWM1, 
and PIBo / PWMo require Pull-UP 


21 


P1Bo / CGP 




CMOS 
Push-Pull 




resistance for N-ch open drain 
output. (Resisting pressure 16 V 
Max.) 

(2) When the port is used as a D/A 
converter (PWM output) (pins 
PIBs/ PWM2, P1B2 / PWMi, and 
P1Bi / PWMo) 

Each of pins P1B3 / PWM2, PIB2 / 
PWM1, and P1Bi / PWMo can 
output an independent signal. 
A pulse width modulation (PWM) 
method is used as the output 
method, the frequency is 878.9 Hz 
(225 kHz/256) and duty is 
0.25/256-255.25/256. (256 stages) 
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NO. 



SYMBOL 



INPUT/ 
OUTPUT 



OUTPUT 
MODE 



PIN 
NAME 



FUNCTION 



18 
19 
20 

21 



P1B3 / PWM2 
P1B2 / PWM1 
P1Bi / PWMo 

P1Bo / CGP 



Output 



N-ch 
* open 
drain 

CMOS 
Push-Pull 



Port 1B 



The duty must be set below the 
PWMRO to PWMR2 registers 
(addresses from 05H to 07H) via a 
data buffer. 



Function 


Frequency 


Duty 


D/A 

converter 


878.9 Hz 


0.25 + X „ oon/ 

x 100% 

256 

X = - 255 



These three pins are N-ch open 
drain output and the resisting 
pressure is 16 V Max. 

(3) When the port is used as a clock 
generator port (CGP) (P1Bo / CGP 
pin) 

The P1Bo / CGP pin is set to a CGP 
mode by the PWMMODE register 
(address 13H) and IFCMODE 
register (address 12H) of the 
register file. 

Two functions are available for a 
CGP mode, VDP (Variable Duty 
Pulse) and SG (Signal Generator). 
The VDP function produces output 
in 64 stages, duty 2/67 - 65/67 at 
frequency 269 Hz. 
The SG function produces output 
by dividing with the value of 4 to 
130 (64 stages) using frequency 18 
kHz as the reference frequency. 
Both the VDP and SG functions set 
data as follows'using the CGPR 
register (address 20H) via a data 
buffer. 
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INPUT/ 
OUTPUT 



OUTPUT 
MODE 



PIN 
NAME 



FUNCTION 



18 
19 
20 

21 



P1B 3 / PWM2 
P1B 2 / PWMi 
P1Bi / PWMo 

P1Bo / CGP 



Output 



N-ch 
open 
drain 



CMOS 
Push-Pull 



Port 1B 



Function 


Frequency 


Duty 


VDP 


269 Hz 


2 + X 

x 100% 

67 

X = - 63 


SG 


18 kHz 

2(2 + X) 

X = - 63 


50% 



At Power On Reset, execution of a 
Clock Stop instruction, these pins are 
specified as general purpose output 
ports. 

At Power On Reset, undefined data is 
output. At execution of a Clock Stop 
instruction, the value of the general 
purpose output port is retained. At CE 
reset, the statuses (general purpose 
output port, A/D converter, CGP) which 
are set at that time are retained. 



22 
23 
24 
24 
25 



PICa 
PIC2 
P1Ci 
P1Co 
P1Co 



Output 



CMOS 
Push- 
Pull 



Port 1C 



4-bit general purpose output port. 
Output data is set via the P1C register 
(address 72H of BANK1) of the port 
register. 

At Power On Reset, Undefined data is 
output. 

At execution of a Clock Stop instruction 
or CE reset, the value which was output 
previously is kept. 



26 
27 
28 
29 



P1D3 / FMIFC 
PID2 / AMIFC 
P1Di / ADC1 
P1Do / ADCo 



Input 



Port 1D 



Used as a 4-bit general purpose input 
port, frequency counter (pins P1D3 / 
FMIFC and PID2 / AMIFC), and also A/D 
converter (pins PIDi / ADCi and PIDo / 
ADCo ). 

The IFCMODE register (address 12H) of 
the register file is used for switching 
the general purpose input port and A/D 
converter. 
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26 
27 
28 
29 



P1D 3 / FMIFC 
P1D2 / AMIFC 
P1Di / ADCi 
P1Do / ADCo 



Input 



The ADCCH register (address 14H) of 
the register file is used for switching 
the general input port and A/D con- 
verter. 



(1) 



(2) 



When the port is used as a 4-bit 
general purpose input port 

The P1D register (address 73H of 
BANK1) of the port register is used 
for reading input data. 
When the port is used as a fre- 
quency counter (PID3 / FMIFC and 
PID2 / AMIFC) 

Using the IFCMODE register of the 
register file, pins PID3/ FMIFC and 
PID2 / AMIFC can be used as 
frequency test pins. The following 
frequencies can be tested. 



Input 
pin 


Input 

frequency 


Input 
oscillation 


P1D3 / 
FMIFC 


5 to 

15 MHZ 


0.3 Vp-p 


P1D2 / 
AMIFC 


0.1 to 
1 MHz 


0.3 Vp-p 



As the test method, the frequency 
input within the gate time (1 ms, 4 
ms, 8 ms, open) is counted by a 
16-bit counter. However, the value 
divided by 2 is counted for the 
PIDs / FMIFC pin. 
At termination of the test (when 
the gate is closed), an interrupt 
request can be issued. 
These functions can be used at 
detection of broadcast station by 
counting the intermediate fre- 
quency. 

When the port is used as a fre- 
quency counter, cut the direct 
current section of the input signal 
with a condenser because an 
alternate current amplifier is used 
for input. 
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26 
27 
28 
29 



P1D3 / FMIFC 
PID2 / AMIFC 
P1Di / ADC1 
P1Do/ ADCo 



Input 



Port 1D 



(3) 



The pin which was selected is 
used as an intermediate electric 
potential (about 1/2 Vdd). Pins 
which are not selected can be used 
as a general purpose input port. 
The alternate current ampilfier 
must be initialized by a program 
as required because it is not set to 
Disabled (prohibited state) even if 
the CE pin (pin number 13) is set 
to a Low level (if the amplifier is 
operating, the current consumed 
may increase the noise factor). 
Since the IFCMODE register also 
specifies an external gate counter 
(P1Ao / FCG pin) and clock genera- 
tor port (P1Bo / CGP pin), the 
frequency counter, external gate 
counter, and clock generator port 
cannot be used concurrently. 
When the port is used as an A/D 
converter (pins P1Di / ADCi and 
PI Do / ADCo) 

The port can be used as an A/D 
converter of 6 bits by the ADCCH 
register (address 14H) of the 
register file. 

The A/D converter can use six 
channels by switching pins 
POD3 / ADC5 to PODo / ADC2 (pin 
numbers from 75 to 78) in addition 
to pins P1Di / ACD1 and 
P1Do / ACDo. 

A consecutive comparison type is 
used as the conversion method 
and the reference voltage is 
created by dividing power supply 
voltage Vdd using the R string 
method. 
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At Power On Reset, execution of a 












Clock Stop instruction, all these pins 


26 


P1D3 / FMIFC 








are specified as a general purpose 


27 
28 


P1D2 / AMIFC 
P1Di / ADCi 


In ut 
npu 




Port 1D 


input ports. 

At CE reset, the statuses (general 


29 


PI Do/ ADCo 








purpose input port, frequency counter, 
and A/D converter) set at that time are 
retained. 












Device power supply pin 












Voltage of 5 V ±10% is supplied at 












operation of CPU and peripheral func- 












tions. 












When only CPU is operating, the 












voltage can be reduced to 3.5 V. 












When the CE pin (pin number 13) is 












at a Low level and when a Clock Stop 












instruction is executed, oscillation of 












the quartz oscillator stops and a data 












set backup state is set. During the 












clock stop state, the voltage can be 












reduced to 2.2 V. 












When the voltage rises from V to 4.5 












V or when the voltage rises to 4.5 V 


30 


Vddi 






Power 


again after decreasing to a degree less 


41 


VdD2 


- 


- 


supply 


than 3.5 V (less than 2.2 V at clock 
stop), Power On reset is performed for 
the device. 

When Power On Reset is performed, 
the peripheral circuits, system regis- 
ters, and register files are initialized 
and the program starts from address 0. 
The time spent from the voltage V to 
4.5 V must be within 500 ms. 
Resetting by a CE pin (CE Pin Reset) is 
also available in addition to Power On 
Reset described above for resetting a 
device. 

Since the values of timer carry FF if the 
register file differs between Power On 
Reset and CE Reset, blackout can be 
detected by detecting the timer carry 
FF. 
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30 
41 


Vddi 

VDD2 






Power 
supply 


A voltage higher than that of the Vdd 
pin must not be supplied to all the pins 
other than Vdd pins (Vddi and Vdd2). In 
particular, care is necessary when the 
Vdd pin and the CE pin are started 
simultaneously. Latch-Up may occur. 
The Vddi pin and Vdd2 pin must be 
connected to an electrical potential. 
The Vdd2 pin is used to supply power to 
quartz oscillation circuits (pins Xin and 
Xout), error out circuits (pins EOo and 
EOi), and low path filter circuits (pin 
LPFin). Pin Vddi is used for supplying 
power to other sections. 










Local 
oscilla- 
tion 


Used for inputting local oscillation 
(VCO) frequency of PLL. 
A direct division method (MF mode) 
and pulse swallow method (HF mode 
and VHF mode) are available as divi- 
sion methods and the method is 
specified by the PLLMODE register 
(address 21 H) of the register file. The 
input pin, input frequency and division 
ratio by each division method are as 
follows. 


31 


VCOL 


Input 




Low 
input 


Division 
method 


Input 
pin 


Input 

frequency 

(MHz) 


Input 

voltage 

(Vp-p) 


Division 
ratio 


32 


VCOH 




Local 
oscilla- 
tion 
High 


Direct 
division 


VCOL 


0.5 to 30 


0.3 


16 to 
2 16 -1 










Pulse 

swallow 

(HF) 


VCOL 


5 to 40 


0.3 


256 to 
2 ,6 -1 










input 


Pulse 

swallow 

(VHF) 


VCOH 


9 to 1 50 


0.3 


256 to 












9 to 250 


0.5 


2 16 -1 












Since alternate current amplifier is 
used for input of these pins, the direct 
current section of the input signal must 
be cut using a condenser. 
The pin specified by the PLLMODE 
register is used as an intermediate 
electrical potential (about 1/2 Vdd). 



2-33 



HPD17003A 



NEC 



PIN 
NO. 



SYMBOL 



INPUT/ 
OUTPUT 



OUTPUT 
MODE 



PIN 
NAME 



FUNCTION 



31 
32 



VCOL 
VCOH 



Input 



Local 
oscilla- 
tion 
Low 
input 

Local 
oscilla- 
tion 
High 
input 



Pins which are not specified are pulled 
down in the internal section of the 
device. 

When PLL is disabled or when the CE 
pin is at a Low level, these pins are 
pulled down in the internal section of 
the device. 

At Power On Reset or execution of a 
Clock Stop instruction, a PLL Disabled 
state is set. At CE reset, the state 
specified by the PLLMODE register is 
set. 



33 



GND 



Ground 



Ground pin of the device 



Quartz oscillator connection pin 
Connects a 4.5 MHz quarts oscillator < 
shown below. 



MPD17003A 



34 
35 



XOUT 
XlN 



Output 
Input 



CMOS 



Quartz 
oscillator 



i_|r|Li 4.5MHz quarts 
J IUI T oscillator 

777* 



The values of C1 and C2 are deter- 
mined by the quartz oscillator which is 
used. 

When the values of C1 and C2 are 
increased to values which are too high, 
the oscillation activation feature may 
deteriorate or current consumption 
may increase. 

In general, the adjustment range of a 
trimmer condenser for oscillation 
frequency adjustment increases when 
the oscillator is connected to the Xin 
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34 
35 


XOUT 
XlN 


Output 
Input 


CMOS 


Quartz 
oscillator 


pin. However, the quartz oscillator 
which is actually used, including 
oscillation stabilizer, must be used for 
evaluation. 

An oscillation frequency cannot be 
adjusted accurately because of the 
problem at capacity, etc., if a probe is 
connected to the Xout pin or Xin pin. 
Consequently, the frequency must be 
tested while testing the LCD driving 
wave form (125 Hz) or VCO oscillation 
frequency. 

Since the reference frequency of the 
timer of the internal section or PLL is 
used by dividing 4.5 MHz, if the value 
is shifted from 4.5 MHz, the values of 
the timer and reference frequency also 
shift in the same proportion. 


36 
37 


EOi 
EOo 


Output 


CMOS 
3 states 


Error out 


Used as charge pump output pins of a 
PLL frequency synthesizer. 
When the value producing by dividing 
the local oscillation (VCO) frequency 
which is input to the VCOL pin (pin 
number 31) or VCOH pin (pin number 
32) is higher than the reference fre- 
quency, a High level is output from 
these pins and when the value is lower 
than the reference frequency, a Low 
level is output. When the values 
match, floating occurs. 
A PLL frequency synthesizer can be 
structured by adding output of these 
pins to VCO (Voltage Controlled Oscil- 
lator) via LPF (Low Pass Filter). 
Either of the pins EOi and EO2 can be 
used because the same signal is 
output. 

At a PLL Disabled state, these pins are 
set floating. That is, when the CE pin 
(pin number 13) is at a Low level or at 
Power On Reset, floating occurs. 



2-35 



^iPD17003A 



NEC 



PIN 
NO. 



SYMBOL 



INPUT/ 
OUTPUT 



OUTPUT 
MODE 



PIN 
NAME 



FUNCTION 



36 
37 



EOi 
EOo 



Output 



CMOS 
3 states 



Error out 



The PLL frequency synthesizer can 
detect a PLL unlocked state by the 
PLLULJDG register (address 05H) of the 
register file. Four types of time (0.5 ^s, 
1 ps, 2 fis, and Disable) can be selected 
as the delay time for detecting the PLL 
unlocated state using the PLULDLY 
register (address 15H) of the register 
file. 



Pins for a built-in CMOS operation 
amplifier for LPF (Low Pass Filter) 
Examples of an internal equivalent 
circuit of each pin and application of 
circuit are shown below. 



38 



LPFin 



LPFout 



Vlpf 



Input 



Output 



EOo EOi LPFin LPFout Vlpf 



N-ch 
open 



|3e] |37j |3sj J^j |4o[ LPF powe! 



LPF 

Amplifier 



— IF- 



J_ To AMVCO 

T 

7f 
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Pull-Up resistance is required for the 


38 


LPFin 


Input 


_ 




LPFout pin because of N-ch open drain 
output. The resisting pressure is 16 V 


39 


LPFout 


Output 


N-ch 
open 


LPF 

Amplifier 


Max. 

A voltage higher than that of the 








drain 


LPFout pin must be supplied to the Vlpf 
pin (16 V Max). 


40 


Vlpf 








At a PLL Disabled State, the LPFin pin is 
pulled up in the device internal section. 












1-bit general purpose output port. 












Output data is set via the P2A register 












(address 70H of BANK2) of the port 


42 


P2Ao 


Output 


CMOS 
Push-Pull 


Port 2A 


register. 

At Power On Reset, undefined data is 
output. 

At execution of a Clock Stop instruction 
or CE reset, the value which was output 
previously is kept. 












Common signal output pins of the LCD 












controller/driver. 












The duty, bias, frame frequency, and 












driving voltage of the LCD controller/ 












driver are 1/2, 1/2, 250 Hz, and Vdd 












respectively. 












Display of up to 60 dots can be per- 












formed by the matrix with pins LCDo / 












POYo / KSo to LCD29 / POFa. 












Three types of voltages, 0, 1/2 Vdd, and 


43 
44 


COMi 
COMo 


Output 


CMOS 

3-value 

output 


Common 
signal 


Vdd are output from these pins. 
The light of the dot from which a 
potential difference of ±Vdd is produced 
between these pins and pins LCDo / 

POVn / K^n tn I PHoa / PHFt rr»m<3Q r»n 
ruiu / i\ou iu i_v^l/z9 / rurj ouinco un. 

When a Display Off mode is set by the 
LCDMODE register (address 10H of the 
LCDMODE register of the register file), 
a Low level is output at Power On 
Reset or execution of a Clock Stop 
instruction. 

At CE Reset, the state is kept if the 
mode is a Display On mode. 
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Used for segment signal output (pins 












LCD29 / POFs to LCDo / POYo / KSo) of a 












LCD controller/driver, key source signal 












output (pins LCD15 / POY15 / KS15 to 












LCDo / POYo / KSo), and also as a 












general output port (LCD29 / POF3 to 












LCDo / POYo / KSo). 












The LCDMODE register (address 10H) 












and LCDPORT register (address 11H) 












are used for outputting segment 












signals and key source signals, and 












switching general purpose output 


45 


LCD29 / POFs 








ports. 


to 


to 








(1) When the pins are used for seg- 


48 


LCD26 / POFc 








ment signal output of a LCD con- 
troller/driver (pins LCD29 / POF3 to 


49 


LCD25 / POEa 








LCDo / POYo / KSo) 


to 


to 








The duty, bias, and frame fre- 


52 


LCD22 / POEo 




CMOS 


LCD 


quency (segment signal output 125 






Output 


segment 


Hz) of a LCD controller/driver are 


53 


LCD21 / POXs 




Push-Pull 


signal 


1/2, 1/2, and 250 Hz respectively. 


to 


to 








Display of up to 60 dots is enabled 


58 


LCD is / POXo 








by using a matrix of these seg- 
ment signal output pins, the COMo 


59 


LCDib/ POY15/ KS15 








pin, and COM1 pin (numbers 43 


to 


to 








and 44). The light of the dot from 


74 


LCDo / POYo / KSo 








which a potential difference of 
±Vdd is produced between these 
segment signal output pins, and 
COMo and COM1 pins comes on. 
Display data of an LCD controller/ 
driver is set via LCD dot registers 
(addresses 60H to 6EH of BANKO). 
Data can also be set by LCD group 
registers (addresses 08H to OFH) 
via a data buffer. 
A Display On mode and Display 
Off mode of a LCD controller/ 
driver is set by the LCDMODE 
register of the register file. 
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In Display Off mode, these seg- 












ment signal output pins output a 












Low level. However, for pins 












which are specified for a general 












purpose output port by the 












LCDPORT register of the register 












file, data of the output port is 












output regardless of the display 












mode, On or Off. 












Sixteen pins from LCD15 / POY15 / 












KS15 to LCDo / POYo / KSo are also 












used for key source signal output 












of a key matrix as described in (2) 


45 


LCD29 / POF3 








and an LCD segment signal and a 


to 


to 








key source signal can be output 


48 


LCD26 / POFo 








concurrently. 
(2) When the pins are used as a key 


49 


LCD25 / POE3 








source signal of a key matrix (pins 


to 


to 








LCD15 / POY15 / KS15 to LCDo / 


52 


LCD22 / POEo 




CMOS 


LCD 


POYo / KSo) 






Output 


segment 


Using the LCDMODE register of 


53 


LCD21 / POX5 




Push-Pull 


signal 


the register file, sixteen pins from 


to 


to 








LCD15 / POY15 / KS15 to LCDo / POYo / 


58 


LCD16 / POXo 








KSo can be used as a key source 
output signal. 


59 


LCD15 / POY15 / KS15 








A key source signal is output with 


to 


to 








a LCD segment signal in time 


74 


LCDo / POYo / KSo 








sharing mode (key source signal 
output time 220 fis). 
When a key source signal is used, 
pins POD3 / ADC5 to PODo / ADC2 
(pin numbers 75 to 78) are used as 
the return signal input pins. 
Consequently, a key matrix of 16 
key sources and 4 key input (up to 
64) can be structured. 
A key source signal is output every 
4 ms. Output data of a key source 
signal is set by the KSR register 
(address 42H) via a data buffer. 
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45 
to 
48 

49 
to 
52 

53 
to 
58 

59 
to 
74 



LCD29 / P0F3 
to 

LCD26 / POFo 

LCD25 / POEa 
to 

LCD22 / POEo 

LCD21/POX5 
to 

LCD16 / POXo 

LCD15 / POY15 / KSib 
to 

LCDo / POYo / KSo 



Output 



CMOS 
Push-Pull 



LCD 

segmei 

signal 



When the LCD controller/driver is 
in Display Off mode (segment 
signal output = Low level) and 
when these pins are specified for a 
general purpose output port, a key 
source signal is not output. 
(3) When the pins are used for a gen- 
eral purpose output port 
Each pin can be specified for an 
output port as listed in the follow- 
ing table using the LCDPORT 
register (address 1 1 H) of the 
register file. 



Pin 

number 


Pin name 


Port 
name 


Number 
bit 


45 
to 
48 


LCD29 / POFs 
to 

LCD26 / POFo 


Port OF 


4 bits 


49 
to 
52 


LCD25 / POE3 
to 

LCD22 / POEo 


Port OE 


4 bits 


53 
to 
58 


LCD21 / POXs 
to 

LCD us / POXo 


Port OX 


6 bits 


59 
to 
74 


LCD 15 / P0Y, 5 / 
KS15 

to 

LCDo / POYo / 
KSo 


Port OY 


16 bits 



Port OF, Port OE, Port OX, and Port 
OY can be specified as general 
purpose output ports individually. 
Pins which are not specified for a 
general purpose output port can 
be used as LCD segment signal 
output pins. 

Output data of each output port is 
set as listed below. 
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45 
to 
48 

49 
to 
52 

53 
to 
58 

59 
to 
74 



LCD29 / POFs 
to 

LCD26 / POFo 

LCD25 / POEs 
to 

LCD22 / POEo 

LCD21 / POXs 
to 

LCD16 / POXo 

LCD15 / POY15/ KS15 
to 

LCDo / POYo / KSo 



Output 



CMOS 
Push-Pull 



LCD 

segmen 
signal 



Port 
name 


Setting output data 


Port OF 


• POF register (address 
6DH of BANKO) 
Used also for the 
LCDD13 register of the 
LCD dot register 


Port OE 


• POE register (Address 
6BH of BANKO) 
Used also for the 
LCDD11 register of the 
LCD dot register 


Port OX 


• POXH and POXL regis- 
ters (Addresses 69H 
and 68H of BANKO) 
Used also for the 
LCDD9 and LCDD8 
registers of the LCD 
dot register 

• Set by the POX group 
register (OCH) via a data 
buffer 


Port OY 


• Set by a OY group 
register (42H) via a data 
buffer 



At Power On Reset or execution of 
Clock Stop instruciton, all of these pins 
are specified for segment signal output 
and set to a Display Off mode. 
Consequently a Low level is output 
from all these pins. 
At CE Reset, the statuses (segment 
signal output, key source signal output, 
and general purpose output port) 
which are set at that time are retained. 
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Used for a 4-bit general purpose input 












port and also LCD segment key source 












signal return input, and also A/D 












converter input. 












The ADCCH register (address 14H) of 












the register file is used for switching 












tho nonpral mirnDQP nnrt anH A/D 












converter. 












The pins POD3 / ADC5 to PODo / ADC2 












contain pull-down resistance so that 












they can be used as key return signal 












input pins of a key matrix. 












(1) When the pins are used for 












general purpose input ports 












Input data is read via the POD 












register (address 72H of BANKO) of 


75 


P0D 3 / ADCb 




(Pull- 




the port register. 


76 
77 


POD2 / ADC4 
PODi / ADC3 


Input 


Down 
Input with 


Port OD 


When pins are used for a general 
input port, the built-in pull down 


78 


PODo / ADC2 




resistance) 




resistance is always set to ON. 
(2) When the pins are used for key 
source signal return input of an 
LCD segment 

When an LCD segment pins is 
used for key source, the built-in 
pull down resistance is set to ON 
only during output of a key source 
signal (220 jus) and the resistance 
is set to OFF during output of an 
LCD segment signal. 
The signals which were input to 
these pins during output of key 
source signals are fetched as key 
input data. 

Consequently, these pins must be 
used when a LCD segment signal 
output is used as the key source 
signal. 
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(3) When pins are used as an A/D 












converter 












By the ADCCH register (address 












14H) of the register file, the port 












can be used as a 6-bit A/D con- 












verter. 












A consecutive comparison method 












by a program is used as the A/D 












converter conversion method and 












the reference voltage is created by 












dividing power supply voltage Vdd 












using the R string method. 












An A/D converter can be used by 












switching six channels, pins P1Di 












/ ADCi and P1Do / ADCo (pin num- 












bers 28 and 29) in addition to pins 


75 


P0D 3 / ADCb 




(Pull- 




from POD3 / ADC5 to PODo / ADC2. 


76 
77 


P0D2 / ADC4 
PODi / ADCa 


Input 


Down 
Input with 


Port OD 


The channel used is specified by 
the ADCCH register of the register 


78 


PODo / ADC2 




resistance) 




file. 

The other five channels which are 
not specified for the A/D converter 
can be used as a general purpose 
input port. 

For the built-in pull-down resis- 
tance, only the pin which was 
set is set to OFF when it is set 
to A/D converter input by the 
ADCCH register. 
At Power On Reset or execution of a 
Clock Stop instruction, the pins are 
specified for a general purpose input 
port. 

At CE Reset, the status (general pur- 
pose input port, LCD segment key 
source, return input, and A/D con- 
verter) which are set at that point are 
retained. 
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1.2 NOTES ON USING A GENERAL PURPOSE PORT 

1.2.1 Port Register Data Set 

The port registers (registers POA to P2A) on data memory are used for reading input data or setting output 
data of each of the ports, Port OA, Port OB, Port OC, Port OD, Port 1A, Port 1B, Port 1C, and Port 2A. 

In this case, the POA3 pin of Port OA corresponds to the highest bit of port register POA and the POAo pin 
corresponds to the lowest bit. 

These apply also to Port OB, Port OC, Port OD, Port 1A, Port 1B, Port 1C, Port 1D, and Port 2A. Output 
data of Port OE, Port OF, Port OX, and Port OY is set by the LCD group register via the LCD dot register or 
a data buffer on the data memory. 

1.2.2 Input/Output Ports (Port OA, Port OB, Port OC, and Port 1A) 

(1) When each port is specified as an input port 

By executing an instruction (the address of the port register is specified for m of SKT m, #i, or ADD 
r, m) for reading the contents of each port register in the data memory, the status of each port pin 
is used as the value of the port register. 

When an Instruction (specified for r of MOV m, #i or ADD r, m) for writing data to each port register 
is executed, the value is written to the output data latch circuit. 

(2) When each port is specified as an output port 

When an instruction for writing data to each port register is executed, the value is written to the 
output data latch circuit and is output from each pin. 

When an instruction for reading the contents of each port register is executed, the content of output 
data latch are used as the value of the port register. However, for pins P0A3/SDA and P0A2/SCL, 
the pin status is read as it is when the contents of the port register are read and tne status may be 
different from the output data. 

At Power On Reset, CE Reset, or execution of a Clock Stop instruction, all of these pins are set for 
input ports. 

Since the contents of the output data latch circuit are undefined at Power On Reset, a Write 
instruction must be executed for the port register before setting data to the output port. Otherwise, 
undefined data is output. At CE Reset or execution of a Clock Stop instruction, the contents of the 
output data latch circuit do not change. 

1.2.3 Output Ports (Port 1B, Port 1C, Port OF, Port OE, Port OX, and Port OY) 

An output port is used for writing the value of the port register to the output data latch circuit by executing 
an instruction for writing data in a port register and outputting data from each pin. 

When a Read instruction is executed for a port register value, the port register value is set as the status 
of the output data latch circuit. 

At Power On Reset, undefined data is output. 

At CE Reset, the previous output data is kept at execution of a Clock Stop instruction. However, Port OE, 
Port OF, Port OX, and Port OY output a Low level automatically at Power On Reset and at execution of a Clock 
Stop instruction. 
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1.3 PIN EQUIVALENT CIRCUITS 



1.3.1 POA (POAi / SCKi, POAo / SOi) 

POB (POBa / Sh, POB2 / SCK2, POB1 / SO2, POBo / SI2) 
POC (POCa , POC2, POCi, POCo) (*1) 
P1A (P1A3, PIA2, PIA1, and PIAo) 



(Input/output) 




*1: The RESET signal is not provided to POC. 



1.3.2 POA (POA3 / SDA and POA2 / SCL) (Input/Output) 
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1.3.3 P1B (PIBo / CGP) 

P1C (P1Cs, P1C2, P1Ci, and P1Co) 
P2A (P2Ao) 

LCDo / POYo / KSo to LCD29 / POFa 



(Output) 



Vdd 




1.3.4 P1B (P1B 3 / PWM2 and PIB2 / PWM1, and PIB1 / PWMo) (Output) 



o 

rrr 



1.3.5 POD (PODa / ADCb, POD2 / ADC4, POD1 / ADCs, and PODo / ADC2) (Input) 




A/D converter 
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1.3.6 P1D (P1Di / ADCi and PI Do / ADCo) (Input) 



- A/D converter 



1.3.7 P1D (P1D3 / FMIFC, and PID2 / AMIFC) (Input) 



Vdd 




Frequency counter 



in 



2-47 



jiPD17003A 



NEC 




SEC 



|iPD17003A 



1.3.10 




1.3.11 LPFin (input), LPFout (output), and Vlpf 
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1.3.13 VCOH 
VCOL 
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2. BLOCK DIAGRAM 



1/16, 
1/17 



Programmable 
Divider 



Xin O- 



Xout Q- 



Swailow 
Counter 



POAo / SOi O- 
POAi / SCKi O 
POAa / SCL a 
POA3 / SDA O- 
POBo / SI2 O- 
POBi / SO2 O- 
POB2 / SCK2 O- 
POB3 / Sh a 



POCoO- 

poci a 
poc 2 a 
POCso- 





POC 


) 

5 


) 




) 




P100 
PIC20 



pic 3 a 





P1C 


) 


D 


5 


) 




Instruction 
Decoder 



v- 



3E 



ROM 
3836 x 16 bits 



3E 



Phase 
Detector 



Program Counter 



n Stack 
7x12 bits 



Vdd2 O- 
Vddi O- 



GND O- 





Reset 




) 


) 




) 



V 



IF 

Counter 



r^WV-i 



A- 
V 



A- 
V 



A/D 
Converter 



D/A 
Converter 



Interrupt 
Control 
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— O EOo 
— O EOi 



-OCOM1 



-O LCDo / POYo / KSo 
-O LCD1 / POYi / KSi 
-O LCD2 / POY2 / KS2 
-O LCDs / POYa / KSa 



I I 

O LCD24 / POE2 

O LCD25 / POE3 

O LCD26 / POFo 

O LCD27 / POF1 



-O LCD28 / POF2 
-O LCD29 / POFs 



-OP1D3/ FMIFC 



-OPID2 / AMIFC 



-OP1Do/ ADCo 
-O P1 Di / ADCi 
-O PODo / ADC2 
-O PODi / ADCs 
-O POD2 / ADC4 
-O PODs / ADC5 



)P1Bo/ CGP 



-O P1 Bi / PWMo 



-K3P1B2/ PWMi 
-O P1 Bs / PWM2 



-OlNTo 
-OlNTi 



-OVlpf 
-O LPFout 



-O LPFin 
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INSTRUCTION SET 



bis 

bi4 bi3 bi2 bi i 





1 








ADD r, m 


ADD m. Si 


1 


1 


SUB r, m 


SUB m, si 


10 


2 


ADDC r, m 


ADDC m. Si 


1 1 


3 


SUBC r, m 


SUBC m, si 


10 


4 


AND r, m 


AND m, si 


10 1 


5 


XOR r, m 


XOR m, Si 


Oil 


6 


OR r, m 


OR m, si 


111 


7 


INC AR 
INC IX 
MOVT DBF. (o AR 
• BR (" AR 
CALL <e AR 
RET 
RETSK 
EI 
DI 

RETI 

PUSH AR 
POP AR 
GET DBF. p 
PUT p. DBF 
PEEK WR, rf 
POKE rf. WR 
RORC r 
STOP 
HALT h 
NOP 




10 


8 


LD r, m 


ST m, r 


10 1 


9 


SKE m, Si 


SKGE m, si 


10 1 


A 


MOV (« r, m 


MOV m. C«r 


10 11 


B 


SKNE m, si 


SKLT m, s i 


110 


C 


BR addr (pageO) 


CALL addr (pageO) 


110 1 


D 


BR addr (pagel) 


MOV m. Si 


1110 


E 




SKT m, Sn 


1111 


F 




SKF m, s n 
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LIST OF INSTRUCTIONS 

Legends 

M : Data memory address 

m Data memory address excluding bank 

itih Data memory row address 

mi Data memory column address 

R General register address 

r : General register column address 

RP : General register pointer 

RF Register file 

rf Register file address 

rfH : Register file address (upper 3 bits) 

rft Register file address (lower 3 bits) 

AR Address register 

IX : Index register 

IXE Index enable flag 

DBF Data buffer 

WR Window register 

MP : Data memory row address pointer 

MPE Memory pointer enable flag 

PE Peripheral register 

P Peripheral address 

Ph Peripheral address (upper 3 bits) 

Pl Peripheral address (lower 4 bits) 

PC Program memory counter 

SP Stack pointer 

STACK Stack value indicated by stack pointer 

STACKpc : Program counter value indicated by stack pointer 

BANK Bank register 

(ROM)pc : Program memory data indicated by program memory counter 

INTEF Interrupt enable flag 

SGR Program memory segment register 

i : Immediate data (4 bits) 

n Bit position (4 bits) 

addr : Program memory address (11 bits) 

CY Carry flag 

c Carry 

b Borrow 

h : Halt canceling condition 

[ ] Data memory or register address 

() : Data memory or register value 
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I 


Mnemonic 


Operand 


Operation 


Machine code 




Operation 
code 






ADD 


r, m 


(R) - (R) + (M) 


00000 


mH 


mi 


r 


tion 


m, # i 


(M) - (M) + i 


10000 


mn 


mi. 


i 


;truc 


ADDC 


r, m 


(R) - (R) + (M) + (CY) 


00010 


mH 


mi. 


r 


d 


m, # i 


(M) — (M) + i + (CY) 


10010 


mH 


mi. 


i 


T3 

■o 

< 


INC 


AR 


(AR) - (AR) + 1 


00111 


000 


1001 


0000 




IX 


(IX) - (IX) + 1 


00111 


000 


1000 


0000 


c 


SUB 


r, m 


(R) — (R) - (M) 


00001 


mH 


mi. 


r 


:ract 
ictio 


m, # i 


(M) - (M) - i 


10001 


mil 


mi. 




Subf 
nstrv 


SUBC 


r, m 


(R) «- (R) - (M) - (CY) 


00011 


mil 


mi. 


r 




m, # i 


(M) *- (M) - i - (CY) 


10011 


mil 


mi. 


i 




SKE 


m, # i 


(M) - i. skip if zero 


01001 


mH 


mi 


i 


pare 

ictioi 


SKGE 


m, # i 


(M) - i, skip if not borrow 


11001 


mil 


mi. 


i 


ai 


SKLT 


m, # i 


(M) - i. skip if borrow 


11011 


mn 


mi 


i 




SKNE 


m, # i 


(M) - i, skip if not zero 


01011 


mn 


mi. 


i 


c 


AND 


m, # i 


(M) - (M) AND i 


10100 


mH 


mi 


i 


ictio 


r, m 


(R) - (R) AND (M) 


00100 


mil 


mi 


r 


.1 


OR 


m, jt i 


(M) - (M) OR i 


10110 


mn 


mi. 






r, m 


(R) - (R) OR (M) 


00110 


niH 


mi 


r 


1 


XOR 


m, # i 


(M) — (M) XOR i 


10101 


mn 


mi. 


i 




r, m 


(R) - (R) XOR (M) 


00101 


nin 


mi. 


r 




LD 


r, m 


(R) ■«- (M) 


01000 


mn 


mi 


r 




ST 


m, r 


(M) — (R) 


11000 


mil 


mi 


r 






<0 r. m 


if MPE= 1 : [(MP), (R)] - (M) 
if MPE= : [(mH), (R) ] - (M) 


01010 


mil 


mi. 


r 


tion 


MOV 


m, G? v 


if MPE= 1 : (M) - [(MP), (R)] 
if MPE= : (M) - [(mH), (R)] 


11010 


mH, 


mi. 


r 


truci 




m, # i 


(M) *- i 


11101 


mH 


mi. 


i 


isfer ins 


MOVT 


DBF, 

<9 AR 


(STACKi'c) - (PC) . (PC) - (AR) 
(DBF):— (ROM) pc, (PC) — (STACKiv) 


00111 


000 


0001 


0000 


re 
£ 


PUSH 


AR 


(SP) - (SP) - 1 , (STACKfc) - (AR) 


00111 


000 


1101 


0000 




POP 


AR 


(AR) - (STACKi'c), (SP) - (SP) + 1 


00111 


000 


1100 


0000 




PEEK 


WR, rf 


(WR) - (RF) 


00111 


rfn 


0011 


rfL 




POKE 


rf, WR 


(RF) - (WR) 


00111 


rf H 


0010 


rfL 




GET 


DBF, p 


(DBF) — (PE) 


00111 


pn 


1011 


Pl 




PUT 


p, DBF 


(PE) - (DBF) 


00111 


pn 


1010 


Pl 


ision 
iction 


SKT 


m, #n 


if (M)n = all " 1 ",then skip 


11110 


mil 


mi. 


n 


Deci 
instn 


SKF 


m, #n 


if (M)n = all "0\then skip 


11111 


mil 


mi 


n 


c 




addr 


(PC) —addr. (PC)sii- 


01100 


addr (11 bits) 


c Z 
a £ 


BR 


(PC) -addr, (PC)sii-l 


01101 


Xt 
c 




<&AR 


(PC) - (AR) 


00111 


000 


0100 


0000 
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Instruction 


Mnemonic 


Operand 


Operation 


Machine code 


Operation 
code 




Shift 


RORC 


r 


r- (CY)- 1 

I — -(R)b3-» (R)b2^ (R)bi— (R)bo ' 


00111 


000 


0111 


r 


ction 


CALL 


addr 


(SP) <- (SP ) - 1 , (STACKpc) +- ( (PC) + 1 ) , 

(PD+tn <— (PC) <— addr 


11100 


addr dibits) 


e instrui 


(« AR 


(PC) «- (AR) 


00111 


000 


0101 


0000 


_c 

3 


RET 




(PC) — (STACKpc), (SP) «- (SP) + 1 


00111 


000 


1110 


0000 


ubro 


RETSK 




(PC) — (STACKpc), (SP) «- (SP) + 1 , skip 


00111 


001 


1110 


0000 




RETI 




(PC), (BANK), (IXE) <- (STACK), (SP) — (SP) + 1 


00111 


100 


1110 


0000 


I 


EI 




INTEF— 1 


00111 


000 


1111 


0000 


Is 


DI 




INTEF— 


00111 


001 


1111 


0000 




STOP 





stop clock if CE = low 


00111 


010 


1111 


0000 


Other 


HALT 


h 


halt 


00111 


011 


1111 


h 


NOP 




No operation 


00111 


100 


1111 


0000 



ASSEMBLER (AS17K) BUILT-IN MACRO INSTRUCTION 



Legend 
flag 

flagl-flagn 



n 

< > 



One of flagl-flagn 

Flag names indicated by reserved words 
Number 

Omission allowed 





Mnemonic 


Operand 


n 


Operation 




SKTn 


flagl, •••flagn 


1 ^n^ 4 


if (flagl)- (flagn) = all "1", then skip 




SKFn 


flagl, •••flagn 


1 ^x\% 4 


if (flagl) - (flagn) = all "6", then skip 






SETn 


flagl, •••flagn 


1 ^n^ 4 


(flagl)- (flagn) «- 1 




CLRn 


flagl, •••flagn 


1 


(flagl)- (flagn) — 




NOTn 


flagl, •••flagn 


1 ^n^ 4 


if (flag)="0", then (flag) — 1 & 
if (flag)="l\ then (flag) — 




INITFLG 


< NOT > flagl, 
•••<NOT>flagn 




if description = NOT flag, (flag) — 
if description = flag, (flag)-l 




BANKn 




^n^ 2 


(BANK) -n, ^n^ 2 
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UST OF RESERVED WORDS 
System Register (SYSREG) 



Reserved word 


Type 


Address 


Read/ 
Write 


Function 


AR3 


MEM 


0.74H 


R 


Address register bit bis-tm 


AR2 


MEM 


0.75H 


R 


Address register bit bn-bs 


AR1 


MEM 


0.76H 


R/W 


Address register bit b7-b4 


ARO 


MEM 


0.77H 


R/W 


Address register bit b3-bo 


WR 


MEM 


0.78H 


R/W 


Window register 


BANK 


MEM 


0.79H 


R/W 


Bank register 


IXH 


MEM 


0.7AH 


R/W 


Index register high 


MPH 


MEM 


0.7AH 


R/W 


Memory pointer high 


MPE 


FLG 


0.7AH.3 


R/W 


Memory pointer enable flag 


IXM 


MEM 


0.7BH 


R/W 


Index register middle 


MPL 


MEM 


0.7BH 


R/W 


Memory pointer low 


IXL 


MEM 


0.7CH 


R/W 


Index register low 


RPH 


MEM 


0.7DH 


R/W 


General register pointer high 


RPL 


MEM 


0.7EH 


R/W 


General register pointer low 


PSW 


MEM 


0.7FH 


R/W 


Program status word 


BCD 


FLG 


0.7EH.0 


R/W 


BCD flag 


CMP 


FLG 


0.7FH.3 


R/W 


Compare flag 


CY 


FLG 


0.7FH.2 


R/W 


Carry flag 


Z 


FLG 


0.7FH.1 


R/W 


Zero flag 


IXE 


FLG 


0.7FH.0 


R/W 


Index enable flag 



26.1.2 Data buffer (DBF) 



Reserved word 


Type 


Address 


Read/ 
Write 


Function 


DBF3 


MEM 


O.OCH 


R/W 


DBF bit bis to bi 2 


DBF2 


MEM 


O.ODH 


R/W 


DBF bit bu to b 8 


DBF1 


MEM 


0..0EH 


R/W 


DBF bit b 7 to b 4 


DBFO 


MEM 


O.OFH 


R/W 


DBF bit b:i to bo 
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LCD dot data register 



Reserved word 


Type 


Address 


Read/ 
Write 


Function 


LCDDO 


MEM 


0.60H 


R/W 


LCD data register 


LCDD1 


MEM 


0.61H 


R/W 


LCD data register 


LCDD2 


MEM 


0.62H 


R/W 


LCD data register 


LCDD3 


MEM 


0.63H 


R/W 


LCD data register 


LCDD4 


MEM 


0.64H 


R/W 


LCD data register 


LCDD5 


MEM 


0.65H 


R/W 


LCD data register 


LCDD6 


MEM 


0.66H 


R/W 


LCD data register 


LCDD7 


MEM 


0.67H 


R/W 


LCD data register 


LCDD8 


MEM 


0.68H 


R/W 


LCD data register 


LCDD9 


MEM 


0.69H 


R/W 


LCD data register 


LCDD10 


MEM 


0.6AH 


R/W 


LCD data register 


LCDD11 


MEM 


0.6BH 


R/W 


LCD data register 


LCDD12 


MEM 


0.6CH 


R/W 


LCD data register 


LCDD13 


MEM 


0.6DH 


R/W 


LCD data register 


LCDD14 


MEM 


0.6EH 


R/W 


LCD data register 
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General port register 



Reserved word 


Type 


Address 


Read/ 


Function 


P0A3 


FLG 


0.70H.3 


R/W 


Pnrt OA hit hi 
Jr Ui L Uri Ull U3 


P0A2 


FLG 


0.70H.2 


R/W 


Port OA hit ho 

F Ul I U.TV Ull UZ 


P0A1 


FLG 


0.70H. 1 


R/W 


Pnrt OA hi t hi 


POAO 


FLG 


0.70H.0 


R/W 


Pnrt OA hit hn 
rUI l \Jt\ Ull U(J 


P0B3 


FLG 


0.71H.3 


R/W 


Port OB bit b3 


P0B2 


FLG 


0.71H.2 


R/W 


Port OB bit b2 


P0B1 


FLG 


0.71H.1 


R/W 


Port OB bit bi 


POBO 


FLG 


0.71H.0 


R/W 


Port OB bit bo 


P0C3 


FLG 


0.72H.3 


R/W 


Port OC bit b3 


P0C2 


FLG 


0.72H.2 


R/W 


Port OC bit b2 


P0C1 


FLG 


0.72H. 1 


R/W 


Port OC bit bi 


POCO 


FLG 


0.72H.0 


R/W 


Port OC bit bo 


P0D3 


FLG 


0.73H.3 


R 


Port OD bit b3 


P0D2 


FLG 


0.73H.2 


R 


Pnrt OF) hit ho 
ruii vjlj uii \jz 


P0D1 


FLG 


0.73H.1 


R 


Port OD bit bi 


PODO 


FLG 


0.73H.0 


R 


Port OD bit bo 


P0XL3 


FLG 


0.68H.3 


R/W 


Port OX bit bi 


P0XL2 


FLG 


0.68H.2 


R/W 


Port OX bit bo 


P0XL1 


FLG 


0.68H.1 


R/W 


Dummy 


POXLO 


FLG 


0.68H.0 


R/W 


Dummy 


P0XH3 


FLG 




R/W 


Pnrt OY hit h* 
run \j y\ uii U5 


P0XH2 


FLG 


0.69H.2 


R/W 


Port OX bit b4 


POX HI 


FLG 


0.69H. 1 


R/W 


Port OX bit b3 


POXHO 


FLG 


0.69H.0 


R/W 


Port OX bit b2 


P0E3 


FLG 


0.6BH.3 


R/W 


Port OE bit b3 


P0E2 


FLG 


0.6BH.2 


R/W 


Port OE bit b2 


POE1 


FLG 


0.6BH.1 


R/W 


Port OE bit bi 


POEO 


FLG 


0.6BH.0 


R/W 


Port OE bit bo 


P0F3 


FLG 


0.6DH.3 


R/W 


Port OF bit bs 


P0F2 


FLG 


0.6DH.2 


R/W 


Port OF bit b 2 


P0F1 


FLG 


0.6DH.1 


R/W 


Port OF bit bi 


POFO 


FLG 


0.6DH.0 


R/W 


Port OF bit bo 


P1A3 


FLG 


1.70H.3 


R/W 


Port 1A bit bs 


P1A2 


FLG 


1.70H.2 


R/W 


Port 1A bit b2 


P1A1 


FLG 


1.70H.1 


R/W 


Port 1A bit bi 


P1AO 


FLG 


1.70H.0 


R/W 


Port 1A bit bo 
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Reserved word 


Type 


Address 


Read/ 
Write 


Function 


P1B3 


FLG 


1.71H.3 


R/W 


Port IB bit bs 


P1B2 


FLG 


1.71H.2 


R/W 


Port IB bit b2 


P1B1 


FLG 


1.71H.1 


R/W 


Port IB bit bi 


PI BO 


FLG 


1.71H.0 


R/W 


Port IB bit bo 


P1C3 


FLG 


1.72H.3 


R/W 


Port 1C bit ba 


P1C2 


FLG 


1.72H.2 


R/W 


Port 1C bit b2 


PI CI 


FLG 


1.72H.1 


R/W 


Port 1C bit bi 


PICO 


FLG 


1.72H.0 


R/W 


Port 1C bit bo 


P1D3 


FLG 


1.73H.3 


R/W 


Port ID bit b 3 


P1D2 


FLG 


1.73H.2 


R/W 


Port ID bit b 2 


P1D1 


FLG 


1.73H.1 


R/W 


Port ID bit bi 


PI DO 


FLG 


1.73H.0 


R/W 


Port ID bit bo 


P2A3 


FLG 


2.70H.3 


R/W 


Port 2A bit b 3 


P2A2 


FLG 


2.70H.2 


R/W 


Port 2A bit b2 


P2A1 


FLG 


2.70H.1 


R/W 


Port 2A bit bi 


P2A0 


FLG 


2.70H.0 


R/W 


Port 2A bit bo 
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Register file (Control register) 



Reserved word 


Type 


Address 


Read/ 
Write 


Function 


SP 


MEM 


0.81H 


R/W 


Stack pointer 


SI02TS 


FLG 


0.82H.3 


R/W 


SIO2 start flag 


SI02HIZ 


FLG 


0.82H.2 


R/W 


SO2/POB1 select flag 


SI02CK1 


FLG 


0.82H.1 


R/W 


SIO2 clock select bit bi 


SIO2CK0 


FLG 


0.82H.0 


R/W 


SIO2 clock select bit b 


IFCG 


FLG 


0.84H.0 


R 


IF counter gate status flag 


PLLUL 


FLG 


0.85H.0 


R 


PLL unlock FF flag 


ADCCMP 


FLG 


0.86H.0 


R 


ADC judge flag 


CE 


FLG 


0.87H.0 


R 


CE pin status flag 


SIOICH 


FLG 


0.88H.3 


R/W 


SIOi mode select flag 


SB 


FLG 


0.88H.2 


R/W 


SB/SBI select flag 


SIOIMS 


FLG 


0.88H.1 


R/W 


SIOi clock mode select flag 


SIOITX 


FLG 


0.88H.0 


R/W 


SIOi TX/RX select flag 


TMMD3 


FLG 


0.89H.3 


R/W 


Timer interrupt mode select flag 


TMMD2 


FLG 


0.89H.2 


R/W 


Timer interrupt mode select flag 


TMMD1 


FLG 


0.89H.1 


R/W 


Timer carry FF mode select flag 


TMMDO 


FLG 


"0.89H.0 


R/W 


Timer carry FF mode select flag 


INT1 


FLG 


0.8FH.1 


R 


INTi pin status flag 


INTO 


FLG 


0.8FH.0 


R 


INTo pin status flag 


KSEN 


FLG 


0.90H.1 


R/W 


Key source decoder enable flag 


LCDEN 


FLG 


0.90H.0 


R/W 


LCD driver enable flag 


POYON 


FLG 


0.91H.3 


R/W 


Port OY enable flag 


POXON 


FLG . 


0.91H.2 


R/W 


Port OX enable flag 


POEON 


FLG 


0.91H.1 


R/W 


Port OE enable flag 


POFON 


FLG 


0.91H.0 


R/W 


Port OF enable flag 


IFCMD1 


FLG 


0.92H.3 


R/W 


IF counter mode select flag 


IFCMDO 


FLG 


0.92H.2 


R/W 


IF counter mode select flag 


IFCCK1 


FLG 


0.92H.1 


R/W 


IF counter clock select flag 


IFCCKO 


FLG 


0.92H.0 


R/W 


IF counter clock select flag 


PWM20N 


FLG 


0.93H.3 


R/W 


PWM2 enable flag 


PWM10N 


FLG 


0.93H.2 


R/W 


PWM1 enable flag 


PWMOON 


FLG 


0.93H.1 


R/W 


PWMO enable flag 


CGPON 


FLG 


0.93H.0 


R/W 


CGP enable flag 


ADCCH3 


FLG 


0.94H.3 


R 


AD mode select flag (Dummy : 0) 


ADCCH2 


FLG 


0.94H.2 


R/W 


AD mode select flag 


ADCCH1 


FLG 


0.94H.1 


R/W 


AD mode select flag 


ADCCHO 


FLG 


0.94H.0 


R/W ' 


AD mode select flag 
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Reserved word 


Type 


Address 


Read/ 
Write 


Function 


PT 1 IT r>T \"3 
I LU L1JL 1 6 


FLG 


0. 95H . 3 


K 


PLL unlock time select flag (Dummy '. 0) 


PT T IT r»T V9 


TTT C 


0. 95H . 2 


R 


PLL unlock time select flag (Dummy : 0) 


PT T TT HT VI 


FT C 


. 95H . 1 


d AV 
K/ VN 


PLL unlock time select flag 


pt tit r»T vn 


FLG 


. 95H . 


R/W 


PLL unlock time select flag 


l/pv T 


FLG 


u.yoH .u 


R 


Key input judge flag 


TMCY 


FLG 


a 0714 a 
U . y / ri . U 


R 


Timer carry FF status flag 




FLG 


a no u o 


R/W 


SB acknowledge flag 




FLG 


a n o i j o 
U. yon . i 


R/W 


SIOi not wait flag 


CMU1 \> Kv^l 


FLG 


. 98H . 1 


R/\\ 


SIOi wait mode flag 




FLG 


A QO TJ A 

U. yen . U 


R/W 


SIOi wait mode flag 


IEGl 


FLG 


. 9FH . 1 


R/W 


I NTi interrupt edge select flag 


IEGO 


FLG 


. 9FH . 


R/W 


INTo interrupt edge select flag 


PT T \tm 
rLLAlJJo 


FLG 


A A A 1 TJ 


R 


PLL mode select flag (Dummy :0) 


PT T \ TFiO 


FLG 


A A A 1 O O 


R 


PLL mode select flag (Dummy : 0) 


PLLMD1 


FLG 


U . UA1 n . 1 


P AV" 
K/ \\ 


PLL mode select flag 


PLLMDO 


FLG 


A A A 1 TJ A 


p AV 


PLL mode select flag 




FLG 


n n A 1 


W 


IF counter start flag 


IFCRE^ 


FLG 


A A A Q TJ (\ 


w 


IF counter reset flag 




FLG 


A A A 7TJ A 


P AV 


i on vk. i kj seieci nag 


SI01SF8 


FLG 


n n a rtt 


R/W 


SIC); clock counter status flag 


cini era 

oiwi or v 


FLG 


A A A QTJ o 

U . U/Aori . c 


P AV 


SIOi clock counter status flag 


SBSTT 


FLG 




R/W 


SB stsrt condition status flag 


SBBSV 


FLG 


n harm n 


R/W 


SB start .stop condition status flag 


IPIFC 


FLG 


U . UAL-U . u 


R/W 


IF counter interrupt permission flag 


IPSIOl 


FLG 




R / W 


SIOi interrupt permission flag 


IPTM 


FLG 


OAFT-T 9 


R/W 


Timei interrupt permission flag 


IP1 


FLG 


OAFH 1 


R/W 


IXTi interrupt permission flag 


IPO 


FLG 


n n A FH n 


R/W 


INI ii interrupt permission flag 


PLLRFMD3 


FLG 


n n p> t h 


R/W 


PT T rpfprpn^P pImpI; Qplppt fl^cr 


PLLRFMD2 


FLG 


fl flRIH 9 
u.uDin.4 


R/W 


PLL reference clock select flag 


PLLRFMD1 


FLG 


u.UDjn , i 


R AY 


PLL reference clock select flag 


PT T RFMDn 


FLG 


fi nRi ft n 


R/W 


PLL reference clock select flag 


P1ABI03 


FLG 


fT HRRT-I 3 


R/W 


Pi A '. T O colort flarr 

rirt.i i u seieci nag 


P1ABI02 


FLG 


0.0B5H.2 


R/W 


PI A:' I O select flag 


P1ABI01 


FLG 


0.0B5H.1 


R/W 


PlAi I/O select flag 


P1ABIO0 


FLG 


0.0B5H.0 


R/W 


PlAu I O select flag 


P0BBIO3 


FLG 


0.0B6H.3 


R/W 


P0B;< 10 select flag 


P0BBIO2 


FLG 


0.0B6H.2 


R/W 


POBi' I O select flag 


P0BBIO1 


FLG 


0.0B6H.1 


R/W 


POBi I select flag 


P0BBIO0 


FLG 


0.0B6H.0 


R/W 


POBo I select flag 
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Reserved word 


Type 


Address 


Read/ 
Write 


Function 


P0ABIO3 


FLG 


0.0B7H.3 


R/W 


POA3 I/O select flag 


P0ABIO2 


FLG 


0.0B7H.2 


R/W 


POA2 I/O select flag 


P0ABIO1 


FLG 


0.0B7H.1 


R/W 


POAi I/O select flag 


P0ABIO0 


FLG 


0.0B7H.0 


R/W 


POAo I/O select flag 


SI01IMD3 


FLG 


0.0B8H.3 


R 


SIOi interrupt mode select flag (Dummy : 0) 


SI01IMD2 


FLG 


0.0B8H.2 


R 


SIO'i interrupt mode select flag (Dummy : 0) 


SI01IMD1 


FLG 


0.0B8H.1 


R/W 


SIOi interrupt mode select flag 


SIO1IMD0 


FLG 


0.0B8H.0 


R/W 


SIOi interrupt mode select flag 


SI01CK3 


FLG 


0.0B9H.3 


R 


SIOi shift clock select flag (Dummy : 0) 


SI01CK2 


FLG 


0.0B9H.2 


R 


SIOj shift clock select flag (Dummy : 0) 


SI01CK1 


FLG 


0.0B9H.1 


R/W 


SIOi shift clock select flag 


SIO1CK0 


FLG 


O.OB9H.0 


R/W 


SIOi shift clock select flag 


IRQIFC 


FLG 


O.OBEH.O 


R/W 


IF counter interrupt request flag 


IRQSIOl 


FLG 


0.0BFH.3 


R/W 


SIOi interrupt request flag 


IRQTM 


FLG 


0.0BFH.2 


R/W 


Timer interrupt request flag 


IRQ1 


FLG 


0.0BFH.1 


R/W 


INTi interrupt request flag 


IRQO 


FLG 


O.OBFH.O 


R/W 


INTo interrupt request flag 
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Peripheral hardware address 



Reserved word 


Type 


Address 


Read/ 


Function 


DBF 


DAT 


OFH 


R/W 


Data buffer address of GET/PUT instruction 


IX 


DAT 


01H 


R/W 


Index register address of INC instruction 


ADCR 


DAT 


02H 


R/W 


A D converter VREF data register 


SI02SFR 


DAT 


03H 


R/W 


SIO2 presettable shift register 


SIOISFR 


DAT 


04H 


R/W 


SIOi presettable shift register 


PWMRO 


DAT 


05H 


R/W 


in i\lU UaLd I C^lbLcI 


PWMR1 


DAT 


06H 


R/W 


P\V VT 1 rlatu rpcrictpr 
x >> ivi 1 UaLd I c^lolcl 


PWMR2 


DAT 


07H 


R/W 


PWM? Hnta rpcnQtpr 


LCDRO 


DAT 


08H 


W 


LCD group data register 


LCDR1 


DAT 


09H 


W 




LCDR2 


DAT 


OAH 


W 


LCD group data register 2 


LCDR3 


DAT 


OBH 


W 


LCD gi oup data register 3 


LCDR4 


DAT 


OCH 


W 


LCD group data register 4 


POX 


DAT 


OCH 


W 


Port OX data register 


LCDR5 


DAT 


ODH 


W 


LCD group data register 5 


LCDR6 


DAT 


OEH 


W 


LCD group data register 6 


LCDR7 


DAT 


OFH 


W 


LCD group data register 7 


CGPR 


DAT 


20H 


R/W 


COP data register 


AR 


DAT 


40H 


R/W 


Address register address of GET PUT PUSH CALL BR MOVT INC instruction 


PLLR 


DAT 


41H 


R/W 


PLL data register 


KSR 


DAT 


42H 


R/W 


Key source data register 


POY 


DAT 


42H 


R/W 


Port OY data register 


IFC 


DAT 


43H 


R 


IF counter data register 
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ELECTRICAL CHARACTERISTICS 



ABSOLUTE MAXIMUM RATINGS 


(Unless otherwise specified, T. = 


25 ± 2 °C) 






Source voltage 


Vdd 






-0.3 to +6.0 


V 


Input voltage 


Vi 






-0.3 to Vdd + 0.3 


V 


Output voltage 


Vo 


Excluding P1Bi, to P1B 3 , POA2, POAs a 


nd LPFout 


-0.3 to Vdd +0.3 


V 


Output withstand voltage 


VB081 


P1Bi to P1B,, LPFout 




18.0 


V 


Output withstand voltage 


VBD82 


POA2, POAs 




Vdd +0.3 


V 


Output absorbing current 


lo 






10.0 


mA 


Operating temperature 


To* 






-40 to +85 


°C 


Storage temperature 


T-q 






-55 to +125 


°C 



RECOMMENDED OPERATING CONDITIONS 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


Source voltage 


Vddi 


4.5 


5.0 


5.5 


V 


PLL and CPU are operating 


Source voltage 


VDD2 


3.5 


5.0 


5.5 


V 


PLL is OFF and CPU is operating 


Data holding voltage 


Vddr 


2.2 




5.5 


V 


Quartz oscillator OFF 


Source voltage rise time 


Trfse 






500 


ms 


Vdd = 4.5 V 


Input amplitude 


Vim 


0.5 




Vdd 


Vp-p 


VCOLVCOH 


Input amplitude 


Vln2 


0.5 




Vdd 


Vp-p 


AMIFC, FMIFC 


Output withstand voltage 


Vbds 






16.0 


V 


PiBitoPIBa, LPFout 


Operating temperature 


Topt 


-40 




+85 


°C 
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DC CHARACTERISTICS (UNLESS OTHERWISE SPECIFIED. T. c -40 to + 85 °C. Vdo = 4.5 to 5.5 V) 



CHARACTERISTICS 


SYMBOL 


STANDARD VALUE 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


Source voltage 


Vddi 


4.5 


5.0 


5.5 


V 


CPU and PLL are operating 


Source voltage 


VDD2 


3.5 


5.0 


5.5 


V 


CPU is operating and PLL is OFF. 


Source current 


Iddi 




1.2 


2.4 


m A 


CPU is operating and PLL is OFF Xln pin 
Sine wave Input (fin = 4.5 MHz, Vin, 
Vdd), 
Ta=25 °C 


Source current 


IdD2 




0.45 


0.90 


mA 


CPU is operating, PLL is OFF, and HALT 
Instruction is used '20 Instructions 
executed per 1 ms). 
X s pin 

Sine wave input 

fin 4.5 MHz, Vin = Vdd, Ta = 25 C C 


Data holding voltage 


Vddri 


3.5 




5.5 


V 


Power failure detection by timer FF, 
quartz oscillator oscillating 


Data holding voltage 


VdDR2 


2.2 




5.5 


V 


Power failure detection by timer FF, 
quartz oscillator not oscillating 


Data holding voltage 


VDDR3 


2.0 


— -1 


5.5 


V 


Data memory (RAM) holding 


Data holding current 


Iddri 




2 


15 


/iA 


Quartz oscillator not oscillating Ta = 
25 C C 


Data Holding current 


IdDR2 




2 


10 


A* 


Quartz oscillator not oscillating Vdd = 
5.0 VTa 25 C C 


Intermediate level output 
voltage 


VOMI 


2.3 


2.5 


2.7 


V 


COMoCGMi Vdo5V 


High level input voltage 


V.H1 


0.8 

Vdd 




Vdd 


V 


POAo, to PCA3, POBo to POBa, 
POCo to POCa, P1Ao, to P1B3, 
P10o, to PIOs, CE, INTo. INTi 


High level input voltage 


VlH2 


0.6 

Vdd 




Vdd 


V 


PODo to POOs 


Low level input voltage 


V,L 







0.2 

Vdd 


V 


POAo to POA3, POBo to POBs, 
POCo to POC3, PODo, to PODs, 
POAo, to PIC3, PIDoto PIDs, CE, INTo, 


High level output current 


|0H1 


-1.0 


-5.0 




mA 


POAo to POA3, POBo to POB3, 
POCo to P0C 3 , PODo to PODs, 
P1Co to P1A3, P1Bo to P1A3, 
Voh=Vdd-1V 


High level output current 


loH2 


-1.0 


-4.0 




mA 


LODoto LCI29 EO0EO1 

voh = Vdd - I V 


Low level output current 


IOL1 


1.0 


7.0 




mA 


POAo to POA3, POBo, to P0B3, 
POCo to -POCa, P1Ao, to P1A3, 
P1Co, to PICs, P1Bo, P2Ao Vol 1V 


Low level output current 


l0L2 


1.0 


3.5 




mA 


LCDo to LCO29 EOo = EIO1 Vol 1 V 


Low level output current 


IOL3 


1.0 


2.0 




mA 


P1Bi to PIB3 Vol 1 V 


Low level output current 


lou 


1.0 


10.0 




mA 


POA2 POA3 Vol 1 V 


High level output current 


||H1 


0.1 


0.8 




mA 


VCOH pull-down Vih = Vdd 


High level input current 


I.H2 


0.1 


0.8 




mA 


VCOL pull-down Vih = Vdd 


High level input current 


llH3 


0.1 


1.3 




mA 


Pis pull-down Vih = Vdd 
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CHARACTERISTICS 


SYMBOL 


STANDARD VALUE 


CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


High Level input current 


llH4 


0.05 


0.13 


0.30 


mA 


PODo to PODs pull-down Vih =Vdo 


Output off leak current 


In 






500 


nA 


POAi, POAs Voh=Vdo 


Output off leak current 


lL2 






500 


nA 


P1 Bi to P1 Bs, LPFout Voh=1 6 V 


Output off leak current 


lL3 






±100 


nA 


EOo. EOi Voh=Vdoi Vot=0V 



AC CHARACTERISTICS (Unless otherwise specified, T. = -40 to +85 X, Voo = 4.5 to 5.5 V) 



CHARACTERISTICS 


SYMBOL 


STANDARD VALUE 


CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


Operating frequency 


finl 


0.5 




30 


MHz 


VCOL MF mode, sine wave input 

Vin=0.3VpP 


Operating frequency 


fin2 


5 




40 


MHz 


VCOL MF mode, sine wave input 

Vin=0.3VpP 


Operating frequency 


fin3 


9 




150 


MHz 


VCOL, sine wave input Vm=0.3 Vp p 


Operating frequency 


fin4 


9 




250 


MHz 


VCOL, sine wave input Vin=0.3 Vp p 


Operating frequency 


finS 


0.1 




1 


MHz 


AMIFC, sine wave input Vin=0.3 Vp p 


Operating frequency 


fin« 


5 




15 


MHz 


FMIFC, sine wave input Vin=0.3Vp-p 


AD converting resolution 








6 


bit 




Absolute accuracy of AD 
conversion 






±1 


±1.5 


LSB 


T.= + 10to + 50°C 



REFERENCE CHARACTERISTICS 



CHARACTERISTICS 


SYMBOL 


STANDARD VALUE 


roMniTioM 


MIN. 


TYP. 


MAX. 


UNIT 






Source current 


l0D3 




15 




mA 


CPU and PLL are operating 
VCOL sine wave Input 
k= 150 MHz 

Vin=0.5VPP 

Voo=5VT.=25°C 


High level output current 


IoH4 




-0.2 




mA 


COMo, COMi 


Voh=V DI >-1 V 


Intermediate level output 
current 


loM1 




-20 




/iA 


COMo, COMi 


Vom=Vdo+1 V 


Intermediate level output 
current 


IOM2 




20 




/iA 


COMo, COMi 


Vom=1 V 


Low level output current 


loLS 




0.2 




mA 


COMo, COMi 


Vol=1 V 
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RECOMMENDED SOLDERING CONDITIONS 

The following conditions (see table below) must be met when soldering this product. 
Please consult with our sales offices in case other soldering process is used, or in case soldering is done under 
different conditions. 



2 



TYPES OF SURFACE MOUNT DEVICE 

For more details, refer to our document "SMT MANUAL" (IEI-1207). 



AiPD17003AGF 



Soldering process 


Soldering conditions 


Symbol 


Infrared ray reflow 


Peak package's surface temperature: 230 °C or below, 
Reflow time: 30 seconds or below (210 °C or higher), 
Number of reflow process: 1, Exposure limit*: None 


I R 30-00 


VPS 


Peak package's surface temperature: 215 °C or below, 
Reflow time: 40 seconds or below (200 °C or higher), 
Number of reflow process: 1, Exposure limit*: None 


VP15-00 


Wave soldering 


Solder temperature: 260 °C or below, 

Flow time: 10 seconds or below, 

Number of flow process: 1, Exposure limit*: None 


WS60-00 


Partial heating method 


Terminal temperature: 300 °C or below, 
Flow time: 10 seconds or below, 
Exposure limit*: None 





*: Exposure limit before soldering after dry-pack package is opened. 
Storage conditions: 25 °C and relative humidity at 65% or less. 
Note: Do not apply more than a single process at once, except for "Partial heating method". 
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SINGLE CHIP MICROCONTROLLER 



FOR DIGITAL TUNING SYSTEM 



The jLiPD17005 is a 4 bit single chip CMOS microcontroller equipped with the hardware exclusively for digital 
tuning systems. 

Adoption of the juPD17000 architecture enables its CPU to directly operate the data memory, perform various 
calculations, or control the peripheral hardware with just one instruction. All instructions are single 16-bit words. 

The juPD17005 integrates input/output ports, LCD drivers, A/D converters, D/A converters (PWM output), 
clock generator ports, digital tuning 150 MHz prescalars, PLL frequency synthesizers, low pass filter (LPF) ampli- 
fiers, and frequency counters into one chip. 

With all these in one chip, the /iPD1 7005 provides a high performance and multi-functional digital tuning system. 

The one-time PROM (OTP) juPD17P005 is available for evaluating the juPD1 7005 program and low quantity pro- 



The juPD17003, which contains the compressed program memory (ROM), is compatible with this microcon- 
troller. 



• 432 nibble (4 bits x 432 nibbles) general purpose data memory (RAM) 

• 4.44 /us (4.5 MHz crystal oscillator) instruction execution time 

• Equipped with the PLL frequency synthesizer hardware 

Dual modular prescalars (up to 150 MHz), programmable dividers, phase comparators, charge pumps, and LPF 
amplifiers 

• Abundant peripheral hardware 

General purpose input/output ports, LCD drivers, serial interfaces, A/D converters, D/A converters (PWM out- 
put), clock generator ports, frequency counters 

• Enriched interrupt function 
External interrupt 2 channels 
Internal interrupt 3 channels 

• Equipped with power on reset/CE pin reset/electrical blackout detection circuit 

• CMOS low energy requirement 

• Voltage: 5V±10% 

ORDERING INFORMATION 

Order Code Package 
juPD1 7005GF-xxx-3B9 80-pin plastic QFP (bent lead) 

Notes on Serial interface: 

The 2-wire mode corresponds to the l2C-Bus specification from Philips. 
In case of using this interface mode note the following: 

Duties when using I2C bus system 

Purchase of NEC's I2C bus system hardware components conveys a license under the Philips I2C patents rights 
to use this components in an I2C system, provided that the system conforms the I2C standard specifications as 
defined by Philips. 

Consequently for all ROM based components with I2C hardware circuits the user is kindly requested to notify the 
use of the I2C bus interface at the ROM code verification stage. 



duction. 



FEATURES 

• Employment of the /xPD1 7000 architecture 

• 16K byte (16 bits x 7932 steps) program memory (ROM) 



• Decimal calculation available 

• Table referencing available 
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TABLE OF /ZPD17005 FUNCTIONS 



NAME 


FUNCTION 


Program memory (ROM) 


1 6K bytes ( 1 6 bits x 7932 steps) 

Table reference area: up to 16 bits x 7932 steps 


General purpose data memory (RAM) 


432 nibbles (4 bits x 432 nibbles) 
Data buffer : 4 nibbles 
General register: 16 nibbles 


System register 


12 nibbles 


Register file 


33 nibbles 


Port register (including LCD register) 


24 nibbles 


Instruction execution time 


4.44 fis (with 4.5 MHz crystal oscillator) 


Stack level 


7 levels (stack operation possible) 


General purpose port 


16 input/output ports 

8 input ports 

9 output ports (+30: LCD segment pins) 


Clock generator port (CGP) 


One port 

\/or!ohto Hi mil co /\/P^P\ anrl cinnsil npnora+nr /Qf^\ "fi mrtinnc 
Vdiiduic uuiy |juidc v v ur ) diiu oiyiidi yciicidLui \ovj/ i ui iisLiui id 


LCD driver 


conmont nine r*nmmnn nine 1 10 Hiitw 1 10 hiac ORfi W7 framp 

OU btJyillCIlL fJllio, £* \AJ\\\\\\\J\\ \J\\\o t \ 1 £* Hilly, \ 1 £. UlOd, £. JU X%£- lldlllC 

frequency, driving voltage Vdd, 16 segment pins shared with key 
source 

All 30 segments can be used as an output port, (separatable into 4, 
4, 6, and 16 segment settings) 


Serial interface 


2 systems (3 channels) 
8 bit 3 lines: 2 channels 
8 bit 2 lines: 1 channel 


n/A rnnuprfpr 
L// r\ lAsllvd LCI 


8 bits x 3 lines (PWM output, up to 12 V) 


A/D converter 


6 bits x 6 lines (consecutive comparison by the software) 


Interrupt 


5 channels (maskable interrupt) 
External interrupt: 

2 channels (INTq pin, INTi pin) 
Internal interrupt: 

3 channels (timer, serial interface 1, frequency counter) 


Timer 


2 systems 

Timer carry F/F (1,5,100,250 ms) 
Timer interrupt (1, 5, 100, 250 ms) 


Reset 


Power on reset (by turning on the power) 
CE pin reset (CE pin low -+ high) 
Electrical blackout detection 
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NAME 


FUNCTION 




Division 


Two types 

Direct division (VCOL pin 20 MHz MAX.) 
Pulse swallow (VCOL pin 40 MHz MAX.) 

(VCOH pin 250 MHz MAX.) 


PLL frequency 
synthesizer 


Reference 
frequency 


1 2 choices by program 

1, 1.25, 2.5, 3, 5, 6.25, 9, 10, 12.5, 25, 50, 100 kHz 




Charge pump 


Two independent error outputs 




Phase 

comparator 


Unlock detection by program 
Unlock F/F delay time selection 




LPF amplifier 


CMOS operation amplifier 
Output voltage up to 1 2 V 


Frequency counter 


Frequency measuring 
P1D 3 /FMIFCpin 0.1 to 1 MHz 
P1D 2 /AMIFC pin 5 to 15 MHz 
External gate width measuring 
POAt/FCG pin 


Power voltage 


5V±10% 


Package 


80-pin plastic QFP 
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■ Program memory (ROM) - 



Instruction 
Single 16-bit word instructions only 



Constant data 
Transferable to data buffer (table referencing) 



- Control section . 



Program counter 



Data memory address 



2£ 



Stack 




Calculation 


Stack operation possible 




Decimal calculation possible 



Peripheral hardware . 



IF 

counter 



A/D 

converter 



D/A 

converter 



Data memory (RAM) 



V 



Data buffer 
Sets peripheral hardware data 



General register 
Calculates and transfers data between memories 



System register 
Controls CPU peripheral 
circuit 



Wind register 




LCD dot register 
Sets display data 



General purpose port register 
Sets input and output data 



Register file 



Sets data via the wind register 

Sets peripheral hardware conditions 



Serial 
interface 



Clock 
generator 



A 



-General purpose port- 



Input 
port 



Output 
port 



I/O port 



D 

o 
o 

CI 
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1. PINS 

1.1 PIN CONFIGURATION (Top View) 



POCi o- 
POCoO- 
POA3/SDAO*- 

POA2/SCLO- 

POAt/SCKi o- 
POA0/SO1 CK 
P0B 3 /SI 1C> - 
POB2/SCK2 o 



P0BT/S02O- 
POB0/SI2O- 
INT 10 — 
INToO— 
CEO— 
PIA3O- 
P1A 2 0- 
P1A-|0- 



P1A /FCGO- 

PIB3/PWM2 *- 
P1B 2 /PWM-| O- 
PIBt/PWMqO- 
P1Bo/CGP O— 
PIC3O- 
PIC2O- 
P1C-, O— 



HZ 
HZ 
HZ 

HZ 

HZ 
HZ 



HZ 

— fcfTo" 



^ *c\i *co ~Ir> 
>- 



OOO D 00000000 
<<<< Q - CLQ - Q - Q - Q - Q - 0L 

o ^ N n o r- ^ 
~QQQ 



(O N CD Cl 
>- > > > 



p p o o o o 



Q- Q_ Q. Q_ 0l — J — J 



id co' 
Q Q Q 1 
OOOOOOUO' 



O OO OOO OOOOO O OOOO 
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1.2 PIN DESCRIPTION 



INPUT/ 
OUTPUT 



OUTPUT 
FORMAT 



DESCRIPTION 



P0C 3 
P0C 2 
PO^ 
POC 



Input/ 
output 



CMOS 
push/pull 



4 bit general purpose input/output port pins. 
Specify input or output in 4-bit units. (Group I/O) 
Specify input/output by the register file's POCGPIO register 
(address 27H). 

To read the input data or to set the output data, use the 
port register's POC register (BANKO address 27H). 
These pins are set as an input port during power resetting, 
clock stop instruction execution, and CE resetting. 



POA3/SDA 
POA2/SCL 



POA1/SCK1 
POArj/SOi 



Input/ 
output 



N-ch 
open drain 



CMOS 
push/pull 



Pins function both as a 4-bit general purpose input/output 
port and serial interface. 

To switch from an input/output port to serial interface, use 
the register file's SI 01 MODE register (address 08H) and the 
SI 02MODE register (address 02H). 

(1) When used as an 4-bit input/output port: 
Specify input or output in 1-bit units (bit I/O). 

To specify input/output, use the register file's POABIO re- 
gister (address 35H). 

To read the input data or set the output data, use the port 
register's POA register (BANKO address 70H). The POA3/ 
SDA and POA2/SCL pins require external pull up resistance 
because they are N-ch open drain. These pins are set to an 
input port during power resetting, clock stop instruction 
execution, and CE resetting. 

(2) When used as a serial interface: 

There are two serial interface lines: serial interface 1 and 
serial interface 2 including the Port OB (7 to 10 pins). 
The serial interfaces 1 and 2 can be used together at the same 
time. The serial interface 1 has 2 channels of 2 line and 3 
line, and the serial interface 2 has 1 channel of 3 line. 
To specify the serial interface 1, use the register file SI01 
MODE register; to specify the serial interface 2, use the 
register file SI02M0DE register. The following are the pin 
functions. 



PIN NAME 


FUNCTION 


OPERATING 
MODE 


POA3/SDA 


Data input/output 


2 lines 


Serial 
inter- 
face 1 


POA2/SCL 


Clock input/output 


POA1/SCK1 


Clock input/output 


3 lines 


POA0/SO1 


Data output 


POB3/SI1 


Data input 


POB2/SCK2 


Clock input/output 


3 lines 


Serial 
inter- 
face 2 


POB1/SO2 


Data output 


POB /SI 2 


Data input 
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PIN. 
No. 


SYMBOL 


INPUT/ 
OUTPUT 


OUTPUT 
FORMAT 


PIN NAME 


DESCRIPTION 


3 
4 

5 
6 


POA3/SDA 
POA2/SCL 
POAt/SCK^ 
POAo/SCh 








The POA3/SDA and POA2/SLC pins require external pull 
up resistance because they are N-ch open drain. 
These pins are set as an input port of the general purpose 
input/output port during power on resetting, clock stop 
instruction execution, and CE resetting. 


7 
8 
9 
10 


P0B3/Sh 
POB2/SCK2 
POB1/SO2 
P0B /SI 2 


Input/ 
output 


CMOS 
push-pull 


Port OB 


Pins function both as a 4 bit general purpose input/output 
port and serial interface. 

To switch from input/output port to serial interface, use 
the register file's SI01MODE register (address 08H) and the 
SI02MODE register (address 02H). 

(1 ) When used as an 4-bit input/output port: 
Specify input or output in 1-bit units (bit I/O). 

To specify input/output, use the register file's P0BBIO 
register (address 35H). 

To read the input data or set the output data, use the port 
register's POA register (BANKO address 71 H). 
These pins are set as an input port during power resetting, 
clock stop instruction execution, and CE resetting. 

(2) When used as an serial interface: 

There are two serial interface lines: serial interface 1 and 
serial interface 2 including the Port OA (3 to 6 pins). 
These pins are set as an input port of the general purpose 
input/output port during power resetting, clock stop instruc- 
tion execution, and CE resetting. 


11 
12 


IN^ 
INTq 


Input 




Interrupt 


Input pins for external interrupt request signal 
Interrupt requests are issued at the rising or falling edge of 
the signal input through these pins. To specify the rising or 
falling edge, use the register file's INTEDGE register (address 
1 FH), INTo pin, or INT1 pin. Interrupt requests are not 
accepted unless permitted (maskable interrupt). 
The El instruction permits all interrupts, and the INTq pin 
or INT-| pin separately also gives permission. To give inter- 
rupt permissions, use the register file's INTPM2 register 
(address 2FH). Interrupt requests are accepted if permitted. 
Interrupts accepted by the INTq pin shift the flow of the 
program to address 05H, and interrupts accepted by the 
INTf pin shift the flow of the program to address 04H. 
Interrupts accepted by the INTq pin are executed before 
interrupts accepted by the INT-j pin, if issued simultaneously. 
The issuer of the interrupt request can be checked by the 
register file's INTREQ2 register (address 3) even when the 
interrupt is not accepted. 

The register file's INTJDG register (address OFH) checks 
the status of these pins and assigns them as a general pur- 
pose input port while the interrupt function is not being 
used. 

These pins are set as an input port during power resetting, 
clock stop instruction execution, and CE resetting. 
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No. 
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INPUT/ 
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OUTPUT 
FORMAT 


PIN NAME 


DESCRIPTION 


13 


CE 


Input 




Chip 
enables 


Input pin for device selection signal or reset signal 
Device selection is selecting PLL actions or standby status 
as described below. 

The PPL frequency synthesizer is enabled when the CE pin 
is set to high. 

The PPL frequency synthesizer is disabled when the CE pin 
is set to low. 

When the CE pin is set to low, the CPU and the internal 
crystal oscillation circuit are disabled by the clock stop 
instruction execution and the data memory is retained by 
the low energy requirement current (up to 1 5 mA). (when 
the CE pin is set to high, the clock stop instruction is exe- 
cuted as the NOP instruction.) During the clock stop in- 
struction execution, the LCD driver display mode is turned 
off ( LCDrj to LCD27, COMrj, COM1 pins set to low) and 
the input/output ports (Port OA, Port OB, Port OC, Port 1A) 
are set as input ports. 

The CE pin functioning as a reset signal input pin is describ- 
ed below. 

When the CE pin is reset to high from low, the internal timer 
carrier F/F synchronizes and resets the device. When the 
device is reset, the flow of the program shifts to address 
and the input/output ports become input ports. The time 
required from pin resetting to device resetting can be selected 
from 1, 5, 100, 250 ms, which are offered by the carrier F/F. 
However, when the clock stop instruction is executed, the 
device will be reset 100 ms after the CE is reset to high. 
This pin does not accept anything lower than 1 10 ms or any- 
thing higher than 165 ms in order to prevent mis-operation 
caused by noise. For this reason, the content of the register 
is not updated. Also, to detect the pin status, use the regis- 
ter file's CEJDG register (address 07). 
This pin features Schmidt trigger input with the hysteresis 
characteristics. Do not apply voltage higher than the Vqd 
pin when turning on the power. 


14 
15 
16 
17 


PIA3 
P1A2 
P1A1 

P1 Aq/FCG 


Input/ 
output 


CMOS 
push-pull 


Port 1A 


Pins functioning both as a 4-bit general purpose input/out- 
put port or external gate counter (P1 Aq/FCG pin). 
To switch from an input/output port to external gate 
counter, use the register file's IFCMODE register (address 
12H) and theSI02MODE register (address 02H). 

(1 ) When used as a 4-bit input/output port: 

Specify input or output in 1-bit units (bit I/O). To specify 

input/output, use the register file's P1 A register (address 

35H). 

To read the input data or set the output data, use the port 
register's P1 ABIO register (BANK1 address 70H). 
These pins are set as input ports during power resetting, 
clock stop instruction execution, and CE resetting. 
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DESCRIPTION 












(2) When using as an external gate counter (FCG) 












(P1 Arj/FCG pin): 












These pins measure the time interval between two rising 












edges of the P1 Aq/FCG pin. To measure the internal refer- 












ence frequencies (1 kHz, 100 kHz, 900 kHz), use the 16-bit 












counter. 


14 


P1A 3 
P1A 2 
P1A-I 

P1Ao/FCG 








To specify the external gate counter, use the register file's 


15 
16 
17 


Input/ 
output 


CMOS 
push-pull 


Port 1 A 


IFCMODE register (address 12H) and IFCCONT register 
(address 23 H). 

To set the P1 Aq/FCG pin as an input port, use the P1ABIO 
register (BANKO address 35H). 

Use the external gate counter, frequency counter and clock 
generator port separately, because the IFCMODE register 
and I FCCONT register also control the frequency counter 
(P1 D3/FMI FC and P1 D2/AMI FC pins) and the clock gen- 
erator port (P1 Brj/CGP pin). 

These pins are set as input ports during power on resetting, 
clock stop instruction execution, and CE resetting. 












Pins functioning as a 4-bit general purpose input/output 












port, D/A converter (PIB2/PWM2, PIB2/PWM1, and 












P1 B1/PWM0 pins), and clock generator port (P1 Bfj/CGP 
























To switch from an input/output port to D/A converter or 












to clock generator port, use the register file s PWMMODE 












register (address 13H). 












(1 ) When used as a 4-bit input/output port: 












To set the output data, use the port register's P1 B register 












(BANK1 address 71 H). 












The PIB3/PWM2, PIB2/PWM1, and PIBt/PWMq pins re- 












quire pull up resistance because they are for open drain 












output (up to 16 V). 












The data output during power resetting is unstable. The 


18 


P1 B3/PWM2 




N-ch 




previous values are retained during clock stop instruction 


19 


P1 B2/PWM1 




open drain 




execution or CE resetting. 


20 


PIBt/PWMo 


Output 


CMOS 
push-pull 


Port 1 B 


(2) When used as a D/A converter (PWM output) 


21 


P1 Bq/CGP 






(P1 B3/PWM2, P1 B 2 /PWM-i , and P1 B1 /PWMfj pins) : 






The P1 B3/PWM2, P1 B2/PWM1 , and P1 B«| /PWMfj pins 
separately output signals. 

The output format has a pulse width modulation (PWM) to 
878.9 Hz (225/256 kHz) frequency and 0.25/0.26 to 
255.25/256 duty (256 gradations). 
To set the duty, use the PWMR0 to PWMR2 register 
(address 05 to 07) via the data buffer. 
(Duty = ° X = to 255) 

These three pins are for N-ch open drain output and with- 
stands up to 16 volts. 

These pins are set as a general purpose output port during 
clock stop instruction execution. 

The status of these pins functioning as a D/A converter out- 
put is retained during CE resetting. 
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INPUT/ 
OUTPUT 


OUTPUT 
FORMAT 


PIN NAME 


DESCRIPTION 


18 
19 
20 

21 


P1 B3/PWM2 
P1 B2/PWM1 
PIB1/PWM0 

P1B /CGP 


Output 


N-ch 
open drain 

CMOS 
push-pull 


Port 1 B 


(3) When used as a clock generator port (CGP) 

(PIBfj/CGPpin): 
To set the P1 Brj/CGP pin to CGP mode, use the register 
file's PWMMODE register (address 13H) and IFGMODE 
register (address 12H). 

The CGP mode has VDP (variable duty pulse) and SG 
(signal generator* functions. 

The VDP function outputs 269 Hz frequency duties at 64 
gradations from 2/67 to 65/67. 

The SG function divides and outputs the standard 18 kHz 
frequency by 4 to 130 (64 gradations). 
To set the data for VDP and SG functions, use the CGPR 
register (address 20 H) via the data buffer. 

VDP duty = 2 * X-0to63 
0/ 

18 kHz 
SGd.uder- 2 (2 + x) 

The P1 Brj/CGP pin is set as a general purpose output port 
during clock stop instruction execution and power resetting. 
The status of these pins functioning as a clock generator 
port output is retained during CE resetting. 


22 
23 
24 
25 


PIC3 
P1G2 
P1Ci 
P1C 


Output 


CMOS 
push-pull 


Port 1 C 


4-bit general purpose output ports. 

To set the output data, use the port register's P1 C register 
(BANK1 address 72). 

The data output during power resetting is unstable. The 
previous values are retained during clock stop instruction 
execution or CE resetting. 












Pins functioning as a 4-bit general purpose input port, fre- 
quency counter (P1 D3/FMI FC, P1 D2/AMI FC pins) and 
A/D converter (P1D<|/ADC-|, PADfj/ADCo pins). 
To switch from input port to frequency counter, use the 
register file's IFCMODE register (address 12H). 
To switch from input port to A/D converter, use the register 
file's ADCCH register (address 14H). 












(1 ) When used as a 4 bit input/output port: 

To read the input data, use the port register's P1 D register 

( BAN K1 address 73H). 


26 
27 
28 
29 


PID3/FMIFC 
PID2/AMIFC 
PID1/ADC1 
P1 Dq/ADCq 


Input 




Port 1 D 


(2) When used as a frequency counter: 
To use the P1 D3/FMI FC and P1 D2/AMIFC pins as a fre- 
quency measuring pin, use the register file IFCMODE register. 
The measurable frequency bands for the PID3/FMIFC pins 
are 5 to 1 5 MHz (0.3 Vp-p input) and 0.1 to 1 MHz (0.3 
Vp-p input) for the P1 D2/AMIFC pin. 
To measure, count the frequencies input in the gate time 
(1 ms, 4 ms, 8 ms, open) by the 16 bit counter. The P1 D3/ 
FMIFC pin counts the values divided by 1/2. Interrupt 
requests can be issued after the measuring is completed 
(when the gate closes). 

These functions can be utilized for detecting broadcasting 
stations by counting the intermediate frequencies. 
When used as a frequency counter, cut DC input signals by 
the condenser because the AC amplifier accepts inputs only. 
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SYMBOL 
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FORMAT 


PIN NAME 


DESCRIPTION 


26 
27 
28 
29 


P1 D3/FMIFC 
P1 D2/AMIFC 
P1 D1/ADC1 
P1 D /ADC 


Input 




Port 1 D 


The intermediate voltage of the selected pins are set to 
approx. 1 12 Vqq. Non-selected pins are used as a general 
purpose input port. Initialize the AC amplifier by program- 
ming as necessary, because it is not disabled by resetting the 
CE pin (No. 13) to low. (Noise from the active amplifier 
may increase the current consumption.) 
Use the frequency counter, external gate counter, and clock 
generator port separately because the IFCMODE register 
specifies the external gate counter (P1 Aq/FCG pin) as well 
as the clock generator port (P1 Brj/CGP pin). These pins are 
set as a general purpose input port during power resetting 
and clock stop instruction execution. 

These pins continue acting as a frequency counter during CE 
resetting. 

(3) Used as an A/D converter 

(P1D-|/ADC-|, P1Drj/ADCo pin): 
To use these pins as a 6-bit A/D converter, use the register 
file's ADCCH register (address 14H). 
Up to six channels can be switched for the P1 D1/ADC1, 
P1 Do/ADCo pins as well as the POD3/ADC5 to POD0/ADC2 
pins (75 to 78 pins). 

Use the consecutive comparison by programming to convert 
from A to D and reference voltage is created by R string 
method, in which the power voltage is divided up. 
These pins are set as a general purpose input port during 
power resetting and clock stop instruction execution. 
These pins continue acting as an A/D converter during CE 
resetting. 


30 
41 


Vqd1 
VDD2 






Power 


Device power pin. 

These pins supply 5 V ±10 % voltage to the CPU and peri- 
pheral functions under operation. These pins lower the 
voltage to 3.5 V if the CPU alone is being operated. When 
the CE pin (No. 13) executes the clock stop instruction at 
low, the crystal oscillator stops oscillation and enters the 
data memory backup state. During this time, the power 
voltage is lowered to 2.2 V. 

When the power voltage rises from to 4.5 V or when the 
power voltage falls below 3.5 V (2.2 V for clock stop instruc- 
tion) and rises to 4.5 V, the device enters the power resetting 
state. 

After power resetting, the peripheral circuit, system register, 
and register files are initialized, and the program starts from 
address 0. The power voltage rising time from to 4.5 V 
should be up to 500 ms. 

In addition to power on resetting, just explained, the CE 
pin also resets the device (CE pin low-*- high). Electric 
blackouts can be detected by detecting the timer carrier 
F/F values of the register file, which are different during 
power resetting and CE resetting. 
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30 
41 



V DD1 
VDD2 



Do not apply a voltage higher than the Vqq pin to the rest 
of the pins. Pay special attention to both Vqd P' n and CE 
pin rising simultaneously, otherwise resulting in latch up. 
Always connect the Vqd1 and Vdd2 P' ns to tne same 
potential. The Vqq2 P' n supplies power to the crystal 
oscillation circuit (X|n and XquT pins), error out circuit 
(EOo and EOi pins), and low pass filter circuit (LPF|j\j and 
LPFquT P'ns); the Vppi pin supplies power to all other 
parts. 



Pin for entering PLL oscillation frequency (VCO). 
To specify one of the two division methods, direct division 
(MF mode) and pulse swallow (HF mode and VHF mode), 
use the register file's PLLMODE register (address 21 H). 
The following shows the input pins, input frequencies, and 
division ratios for each division methods. 



31 
32 



VCOL 
VCOH 



Input 



Oscillation 
low input 
Oscillation 
high input 



Division 
method 


Input 
pin 


Input 
frequency 


Input 
voltage 


Division 
ratio 


Direct 
division 
MF mode 


VCOL 


0.5-30 MHz 


0.3 Vp-p 


16 to 
2"-1 


Pulse 
swallow 
HF mode 


VCOL 


5-40 MHz 


0.3 Vp-p 


256 to 
2 I6 -1 


Pulse 
swallow 
VHF mode 


VCOH 


9-150 MHz 


0.3 Vp-p 


256 to 
2 16 -1 


9-250 MHz 


0.5 Vp-p 



Cut DC input signals by the condenser because these pins 

accept AC amplifier inputs only. The pin specified by the 

PLLMODE register is set to intermediate voltage (approx. 

1/2 Vdd)- The pins that are not specified are internally 

pulled down. These pins are internally pulled down during 

PLL disabled and low CE pin states. 

These pins disable the PLL during power on resetting and 

clock stop instruction execution. 

These pins enter the PLLMODE register specified state 

during CE resetting. 



Device ground pin 



34 

35 



x OUT 
X|N 



Output 
Input 



Crystal 
oscillator 



Crystal oscillator 

The following shows the method for connecting the 4.5 MHz 
crystal oscillator. mPD17005 

XoUT X| N 

M M 



H □ h 
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34 

35 



*OUT 
X|N 



Output 
Input 



Crystal 
oscillator 



The crystal oscillator in use determines the values of C1 and 
C2. Large C1 and C2 values degrade the oscillation start 
characteristic and increase the consumption current. 
Although the trimmer condenser connected to the X||\j pin 
is generally considered to adjust wider range of oscillation 
frequencies, it is recommended that it be connected to the 
crystal oscillator in use for a better oscillation stability. If 
probes are connected to the XrjUT P' n or *IN P' n » tne oscil- 
lation frequencies cannot be adjusted correctly owing to 
probe capacitance. 

Thus, adjust while measuring the LCD driving waveform 
(125 MHz) of the number of VCO oscillation frequencies. 
When the oscillation frequency is off the 4.5 MHz setting the 
oscillation frequencies of the internal timer and LL reference 
frequency are also off in the same proportion because they 
employ a divided 4.5 MHz. 



36 
37 



EO! 
EO 



Output 



CMOS 3 
state 



Output pin for PLL frequency synthesizer charge pump. 
These pins output high level when the divided VCO fre- 
quency input through the VCOL pin (No. 31) and VCOH 
pin (No. 32) is higher than the reference frequency; these 
pins output low level when the divided VCO frequency input 
through the VCOL pin (No. 31) and VCOH pin (No. 32) is 
lower than the reference frequency. 
These pins are set to floating when the divided VCO fre- 
quency matches the reference frequency. 
To construct the PLL frequency synthesizer, use the exter- 
nal low pass filter (LPF) and apply these pin outputs to the 
voltage control oscillator (VCO). 

The EO-| pin and EO2 pin output the same signals, so use 
either pin. 

These pins are set to floating during PLL disabled state, i.e., 
during low CE pin (No. 13) or power resetting. 
To detect the PLL unlock state, use the register file's 
PLLULJDG register (05H). To select one of the four delay 
times (0.5 /us, 1 jus, 2 jus, disable) for PLL unlock state detec- 
tion, use the register file's PLULDLY register (address 15H). 



Low pass filter (LPF) CMOS operation amplifier built-in pin. 
The following is the example of a pin internal equivalent 
circuit and application circuit. 

MPD17005 



38 
39 
40 



LPF, N 

LPFOUT 

V L PF 



Input 
Output 



N-ch 
open drain 



LPF 
amplifier 



E Oo EOt LPFin LPFout VLPF 



LPF 

POWER 
SOURCE 



I WV-j— 



2-81 



|iPD17005 



NEC 



PIN 
No. 


SYMBOL 


INPUT/ 
OUTPUT 


OUTPUT 
FORMAT 


PIN NAME 


DESCRIPTION 


38 
39 
40 


LPF, N 

LPF OUT 

V L PF 


Input 
Output 


N-ch 
open drain 


LPF 
amplifier 


The LPFqut P' n requires pull up resistance because it is for 
N-ch open drain output. It withstands voltage up to 16 V. 
Apply a voltage, which is higher than that applied to the 
LPFqut P'h, DUt not exceeding 16 V, to the Vj_pp pin. 
The LPFqut P' n is internally pulled up during PLL disabled 
state. 


42 


P2A 


Output 


CMOS 
push-pull 


Port 2A 


1 bit output port pin. 

To set the data, use the port register's P2A register (BANK2 
address 70H). 

The data output during power on resetting is unstable. 
The previous output values are retained during clock stop 
instruction execution and CE resetting. 


43 
44 


COMt 
COM 


Output 


CMOS 


Common 
signal 


Output pin for LCD driver common signal. 
The LCD driver has 1 12 duty, 1/2 bias, a 250 Hz frame fre- 
quency, and Vqq driving voltage. 

Up to 60-dot display can be done by matrix with the LCDq/ 

nriV« / l^C« I rrinn/DnCn nine 

rUTQ/l\l>0 to LUU29'' "^3 Pins. 

These pins output three voltages: ground, 1/2 Vqq, and 

v DD . 

Dots light up when ±Vqd potential difference is generated 
between these pins and LCDo/POYq/KSo to LCD29/POF3 
pins. These pins output low during power resetting and 
clock stop instruction execution, provided that the display 
mode was turned off by the register file's LCDMODE register 
(address 10H). The output status of these pins is retained 
during CE resetting, provided that the display mode is turned 
on. 


45 
to 
48 

49 

to 
52 

53 
to 
58 

59 
to 
74 


LCD29/POF3 
to 

LCD 2 6/P0F 

LCD25/POE3 

to 

LCD22/POE0 

LCD21/POX5 
to 

Lou] g/ r\j/\Q 

LCD! 5/ 
P0Y 15 /KS l5 
to 

LCD / 
POYq/KSq 


Output 


CMOS 
push-pull 


LCD 
segment 
signal 


Pins functioning as LCD driver segment signal output pins 
(LCD29/POF3 to LCDo/POYrj/KSo pins), key matrix source 
signal output pins (LCDi5/POY-|5/KSo to LCDo/POYq/KSo 
pins), and general purpose output port (LCD29/POF3 to 
LCD /P0Y /KS pins). 

To switch from segment signal to key source signal or to 
general purpose output port, use the register file LCDMODE 
register (address 10H) or the LCDPORT register (address 
11H). 

(1 ) When using as an LCD driver segment signal output pin 

(LCD29/POF3 to LCDq/POYq/KSo Pins) : 
The LCD driver has a 1/2 duty, 1/2 bias, and 250 Hz frame 
frequency (125 Hz segment signal output). Up to 60 dot 
display can be done by matrix with these segment signal 
output pins and COMq pin and COM-] pin (No. 44 and 43). 
Dots light up when ± Vqq potential difference is generated 
between these pins and LCDo/POYq/KSo to LCD29/POF3 
pins. To set the LCD driver display data, use the LCD dot 
register (BANKO address 60H to 6EH), or the LCD group 
register (address 08H to OFH) via the data buffer. To turn 
the LCD driver display on or off, use the register file's 
LCDMODE register. When the display mode is turned off, 
these segment signal output pins are set to low. But the 
pins, which are specified as a general purpose output port 
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PIN 
No. 



INPUT/ 
OUTPUT 



OUTPUT 
FORMAT 



DESCRIPTION 



49 
to 
52 

53 
to 
58 



LCD29/POF3 
to 

LCD 2 6/P0F() 

LCD25/POE3 
to 

LCD22/POEO 
LCD21/POX5 

to 

LCD16/P0X0 

LCD! 5/ 
P0Y 15 /KS 15 
to 

LCD / 
POYq/KSq 



CMOS 
push-pull 



LCD 
segment 
signal 



by the register file's LCDPORT register, output the output 
port data regardless of the display mode. These pins output 
low during power resetting and clock stop instruction execu- 
tion. 

The output status of these pins are retained during CE 
resetting, provided that the display mode is turned on. 
The LCD 15 /P0Y 15 /KS 15 to LCD /POY /KS pins can 
output both the segment signal and key source signal of the 
1 6 key matrix at the same time. 

(2) When using as a key matrix source signal: 

To set these 16 LCD15/POY-15/KS15 to LCDq/POY /KSo 
pins as a key source signal output pin, use the register file's 
LCDMODE register. 

The key source signals are output with the LCD segment 
signals by time division. (Key source signal output time: 
220 ms). 

To use the key source signal, set the POD3/ADC5 to PODq/ 
ADC2 pins as a key return signal input pin (No. 75 to 78). 
Therefore, the key matrix with 1 6 key sources and four 
input keys is configured. Key source signals are output 
every 4 ms. To set the output data of the key source signal, 
use the key source register (address 42H) via the data buffer. 
The key source signal is not output when the LCD driver 
display mode is turned off (the segment signal output is low) 
or when these pins are set as a general purpose output port. 
The key source signal is not output during power on resetting 
and clock stop instruction execution. 
The output status of these pins are retained during CE reset- 
ting. 

(3) When used as an output port: 

The following table shows how to set these pins as an output 
port using the register file's LCDPORT register (address 
11H). 



PIN 
No. 


PIN Name 


Port 
name 


Number 
of bits 


45 


LCD29/POF3 






to 


to 


Port OF 


4 bits 


48 


LCD 2 6/P0F 






49 


LCD25/POE3 






to 


to 


Port 0E 


4 bits 


52 


LCD22/POEO 






53 


LCD 2 i/P0X 5 






to 


to 


Port OX 


6 bits 


58 


LCD 16 /P0X 






59 


LCD^/POY^/KSiB 






to 


to 


Port 0Y 


16 bits 


74 


LCD /POY /KSo 
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PIN 
No. 



INPUT/ 
OUTPUT 



OUTPUT 
FORMAT 



DESCRIPTION 



45 
to 
48 



The Port OF, Port OE, Port OX, and Port OY can be specified 
separately as an output port, otherwise they function as an 
LCD segment signal output pin. The following table shows 
how to set output data in each port. 



LCD29/POF3 
to 

LCD 2 6/P0F 

LCD25/POE3 
to 

LCD22/POE0 

LCD21/POX5 
to 

LCD<|6/P0X 

LCD! 5/ 
P0Yi 5 /KS 15 
to 

LCDrj/ 
POYq/KSq 



Output 



CMOS 
push-pull 



LCD 
segment 
signal 



Port name 


Output data setting 


Port OF 


POF register (BANKO address 6DH) also 
functions as the LCD dot register's LCDD 
13 register. 


Port OE 


POE register (BANKO address 6BH) also 
functions as the LCD dot register's LCDD 
11 register. 


Port OX 


POXH, and POXL registers (BANKO ad- 
dress 69H and 68H) also function as the 
LCD dot register's LCDD 9 register and 
LCDD 8 register, respectively. To set the 
output data, use the POX group register 
(OCH) via the data buffer. 


Port OY 


To set the output data, use the POY 
group register (42CH) via the data buffer. 



These pins are set as a segment signal output pin and thus 
output low level during power resetting and clock stop 
instruction execution. 

The previous output status is retained during CE resetting. 



75 
76 
77 
78 



POC3/ADC5 
POC2/ADC4 
POC1/ADC3 
P0C /ADC 2 



Input with 
pull down 



Pins functioning as a 4-bit general purpose input port and 
A/D converter input pin. 

To switch from the input port to A/D converter, use the 
register file's ADCCH register (address 14H). 

(1 ) When used as an input port: 

To read the input data, use the port register's POC register 
(BANKO address 72H). 

The POC3/ADC5 to POC0/ADC2 pins have a built-in pull- 
down resistance enabling them to be used as a key return 
signal input pin of the key matrix. To use the LCD segment 
pin as the key source, turn off the pull-down resistance 
during key source signal output (220 jus), and turn on the 
pull-down resistance during segment signal output (220 jus). 
Always keep the pull-down resistance on when the LCD 
segment pin is not used as the key source. 
Turn off the pull-down resistance of the pin set as an A/D 
converter by the register file's ADCCH register. 

(2) When used as an A/D converter: 

To set these pins as a 6 bit A/D converter, use the register 
file's ADCCH register (address 14H). 

Use the consecutive comparsion by programming to convert 
from A to D. The reference voltage is created by the R string 
method, in which the power voltage is divided up. 
Up to six channels can be switched for the POC3/ADC5 to 
POC0/ADC2 pins as well as the P1 D-|/ADCi , PIDq/ADCq 
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PIN 

No. 


SYMBOL 


INPUT/ 
OUTPUT 


OUTPUT 
FORMAT 


PIN NAME 


DESCRIPTION 


75 
76 
77 
78 


POC3/ADC5 
POC2/ADC4 
POC1/ADC3 
P0C /ADC 2 


Input 


Input with 
pull down 


Port OC 


pins (No. 28 and 29). To specify the desired channel, use the 
register file's ADCCH register. The other five channels func- 
tion as general purpose input ports. 

The pull-down resistance built-in POC3/ADC5 to POC0/ADC2 
pins are equipped with a pull-down resistance. When these 
pins are set as an A/D converter input pin by the ADCCH 
register, the pull-down resistance is turned off. 
The A/D converter pins are re-specified to the general pur- 
pose input port during power resetting and clock stop in- 
struction execution. 

These pins function as an A/D converter during CE resetting. 
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1.3 NOTES ON USING GENERAL PURPOSE PORT 

1.3.1 Port register data bit 

To read the input data or set the output data in the Port OA, Port OB, Port OC, Port OD, Port 1 A, Port 1B, Port 
1C, Port 1D, and Port 2 A, use port registers (POA to P2A register) in the data memory. 

The POA3 pin and the POA pin of the Port OA correspond to the most significant bit and the least significant 
bit of the port register POA, respectively. 

The same rule applies to the Port OB, Port OC, Port OD, Port 1 A, Port 1B, Port 1C, Port 1D, and Port 2A. 

To set the output data in the Port OE, Port OF, Port OX, and Port OY, use the LCD group register via the LCD 
dot register or the data buffer in the data memory. 

1 .3.2 Input/output ports (Port OA, Port OB, Port OC, Port 1 A) 

(1) When a port is specified as an input port: 

Execute the instruction to read the contents of the port register in the data memory (provided that the port 
register address is defined as m of the SKT m, #i instruction or ADD r, m instruction). The port pin status is 
stored as the port register value. Execute the instruction to write in the port register (provided that the port 
register address is defined as m of the MOV m, #i instruction or r of the ADD r, m instruction), and the values 
are written in the output data latch circuit. 

(2) When a port is specified as an output port: 

Executes the instruction to write in the port register. The values are written in the output data latch circuit and 
output through each pin. Execute the instruction to read the contents of the port register. The output data 
latch content is stored as the port register value. However, when the read instruction is executed through the 
POA3/SDA and P0A 2 /SCL pins, the pin status is read and different data may be output. 

These pins are set as an input port during power resetting, CE resetting or clock stop instruction execution. 
Write the output latch content, which becomes unstable during power resetting, in the port register before 
setting it in the output port, otherwise the output data will be unstable. The output data latch content is not 
updated during clock stop instruction execution or CE resetting. 

1.3.3 Output ports (Port 1B, Port 1C, Port OF, Port OE, Port OX, and Port OY) 

Output ports write port register values in the output latch and outputs them through the pins. 

Execute the instruction to read the port register value. The latch status is stored as the port register value. 

The data output during power on resetting is unstable. 

The previous output data is retained during CE resetting or clock stop instruction execution. 
The Port OE, Port OF, Port OX, and Port OY automatically output low level during power on resetting or clock 
stop instruction execution. 



2-86 



SEC 



^PD17005 



1.4 PIN EQUIVALENT CIRCUITS 

1 .4.1 POA (POAi /SCK, , POAo/SOt ) 

POB (P0B 3 /Sh , P0B 2 /SCK 2 , POBi /S0 2 , P0B /Sh ) 
P1 A (P1 A 3 , P1 A 2 , P1 At , P1 A ) 




(Input/output) 



1 .4.2 POA (POA3/SDA, P0A 2 /SCL) 




(Input/output) 



1.4.3 POC (P0C 3 /P0C 2 , POCt , P0C ) 
P1B (P1B /CGP) 
P1C (PIC3, P1C 2 , P1C 1f P1Co) 
P2A (P2Aq) 

LCDq/POYq/KSo to LCD29/P0F 3 
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1.4.4 P1B (P1B 3 /PWM2,P1B 2 /PWIVI 1f P1B /PWM ) 



(Output) 



1.4.5 POD (POD3/ADC5, POD2/ADC4, POD1/ADC3, P0D /ADC 2 ) 



h 

High on resistance 



A/D converter 



(Input) 



1.4.6 PIDtPID^ADC^PIDo/ADCo) 



A/D converter 



(Input) 



1.4.7 P1D {PID3/FMIFC, PID2/AMIFC) 



IHh 



IF 



General purpose port 



lh 



#1 



Br 



T 



HI 



(Input) 



- Frequency counter 
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1.4.11 LPF INf LPFouT»V L p F 




1.4.13 VCOH 
VCOL 




(Input) 
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2. BLOCK DIAGRAM 



VCOH o- 



XIN O- 



POCo O- 
P0C1 o- 



P0C2 O- 



P1A0/FCGO- 
P1M CD- 
PI A2O- 



P1C0O- 
P1C1 O- 
P1C2 0- 
P1C30- 



1/16, 
1/17 




Swallow 
Counter 


I 




P2AqO- 



VDD2 O 

VDD1 O 



1 



3 



RAM 
432 x 4 bits 



^> ALU 



Instruction 
Decoder 



3Z 



ROM 
7932 x 16 bits 



3E 



Program Counter 



Stack 
7x12 bits 
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Phase 
Detector 



A- IF 

v. Counte 



LCD 
Driver 



HWV-. 



A/D 
Converter 



D/A 
Converter 



Interrupt 
Control 



-O E 



-OCOMo 



-O LCD0/KS0/POY0 
-O LCD1/KS1/POY1 . 
-O LCD2/KS2/POY2 
-O LCD3/KS3/POY3 



-O LCD24/POE2 
-O LCD25/POE3 
-O LCD26/POFO 
-O LCD27/POF1 
— O LCD28/P0F2 
-O LCD29/POF3 



-O PID3/FMIFC 



} P1 D2/AMIFC 



— O PID0/ADC0 
— O PID1/ADC1 
— O POD0/ADC2 
— OPOD1/ADC3 

— O POD2/ADC4 
-O POD3/ADC5 



-OP1B1/PWM0 
-OP1B2/PWM1 
-OP1B3/PWM2 



— O INTq 



-O LPFOUT 
-O LPFiN 
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3. /IPD17005 INSTRUCTIONS 



3.1 TABLE OF INSTRUCTION SETS 



^-V. b 16 

bi4 b 13 bi 2 bn*\ 





1 








ADD r, m 


ADD m, tti 


1 


1 


SUB r, m 


SUB m, #i 


10 


2 


ADDC r, m 


ADDC m, tti 


11 


3 


SUBC r, m 


SUBC m, tti 


10 


4 


AND r, m 


AND m, tti 


10 1 


5 


XOR r, m 


XOR m, #i 


110 


6 


OR r, m 


OR m, #i 


111 


7 


INC AR 

INC IX 

MOVT DBF, @AR 

BR @AR 

CALL @AR 

RET 

RETSK 

EI 

DI 

RETI 

PUSH AR 
POP AR 
GET DBF, p 
PUT p, DBF 
PEEK WR, rf 
POKE rf, WR 
RORC r 
STOP 
HALT h 
NOP 




10 


8 


LD r. m 


ST m, r 


10 1 


9 


SKE m, tti 


SKGE m, iti 


1 1 


A 


MOV @r, m 


MOV m, @r 


1 1 1 


B 


SKNE m, iti 


SKLT m, tti 


110 


C 


BR addr (pageO) 


CALL addr (pageO) 


110 1 


D 


BR addr (pagel) 


MOV m, #i 


1110 


E 


BR addr (page2) 


SKT m, ttn 


1111 


F 


BR addr (page3) 


SKF m, itn 
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3.2 TABLE OF INSTRUCTIONS 



NOTE 
M 



m H 



RP 
RF 

rf 

rf H 

rf L 
AR 
IX 

IXE 
DBF 
WR 
MP 

MPE 
PE 

P 

Ph 

Pi. 



One of Data memory specified by [(BANK),m] 
Data memory address specified by (m H , mj of each 
bank 

Data memory address high (Row address) ; 3bits 
Data memory address Low (Column address) ; 4 
bits 

One of General register specified by [(RD),r) 

General register address low ; 4bits 

General register pointer 

One of register file specified by rf 

Register file address specified by [rf H , rf J 

Register file address high 

Register file address low 

Address register 

Index register 

Index enable flag 

Data buffer 

Window register 

Memory pointer 

Memory pointer enable flag 

Peripheral 

Peripheral address 

Peripheral address high 

Peripheral address low 



PC 
SP 

STACK 
STACK pc 
BANK 
(ROM) pc 

INTEF 
SGR 



addr 

CY 

c 

b 

h 

( ) 
( ) 



: Program memory counter 
: Stack pointer 

: Stack of (PC), (BANK), (IXE) 
: Stack of (PC) 
: Bank register 

: One of Program memory data specified by 
(PC) 

: Interrupt enable flag 

: Program memory segment register 

: Immediate data ; 4bits 

: Bit position ; 4bits 

: One of program memory address ; 11 bits 
: Carry flag 
: Carry 
: Borrow 

: Halt release conditions 
: Address of Mi R, RF 

: Contents of M, R, RF, AR, IX, DBF, WR, PE 





Mnemonic 


Operand 


Function 


Operation 


Machine code 




Op. code 




c 


ADD 


r, m 


Add Data memory to General register 


(R)— (R) + (M) 


00000 


m H 


m L 


r 


uctic 


m, tti 


Add immediate data to Data memory 


(M)-(M)+i 


10000 


m H 


mL 




ISi 

C. 


ADDC 


r, m 


Add Data memory to General register with carry 


(R)«-(R) + (M) + (CY) 


00010 


m H 


m L 


r 


c 

o 


m, tti 


Add immediate data to Data memory with carry 


(M)«-(M)+i+(CY) 


10010 


m H 


m L 


i 


TJ 


INC 


AR 


Increment Address register 


(AR)«-(AR) + 1 


00111 


000 


1001 


0000 


< 


IX 


Increment Index register 


(IX)«-(IX) + 1 


00111 


000 


1000 


0000 


■Is 


SUB 


r, m 


Subtract Data memory from General register 


(R)MR)-(M) 


00001 


m H 


m L 


r 


■j'Z 

w y 


m, tti 


Subtract immediate data from Data memory 


(M)HM)-i 


10001 


m H 


m L 




11 


SUBC 


r, m 


Subtract Data memory from General register with borrow 


(R)*-(R)-(M)-(CY) 


00011 


m H 


m L 






m, tti 


Subtract immediate data from Data memory with borrow 


(M)-(M)-i-(CY) 


10011 


m H 


m L 






SKE 


m, tt i 


Skip if Data memory equals immediate data 


(M)-i& 
skip if zero 


01001 


m H 


m L 




c 

a = 


SKGE 


m, tti 


Skip if Data memory is greater than or equal to 
immediate data 


(M)-i& 

skip if not borrow 


11001 


m H 


m L 




it 


SKLT 


m, tti 


Skip if Data memory is less than immediate data 


(M)-i & 
skip if borrow 


11011 


m H 


m L 






SKNE 


m, tti 


Skip if Data memory not equal immediate data 


(M)-i& 
skip if not zero 


01011 


m H 


m L 





2-93 



HPD17005 



NEC 





Mnemonic 


Operand 


Function 


Operation 


Machine code 


Op. code 




Comparison instruction 


AND 


m, #i 


Logic AND of Data memory and immediate data 


(M) - (M) AND i 


10100 


m H 


m L 


i 


r, m 


Logic AND of General register and Data memory 


(R) <- (R) AND (M) 


00100 


m H 


m L 


r 


OR 


m, #i 


Logic OR of Data memory and immediate data 


(M) ^-(M) OR i 


10110 


m H 


m L 


i 


r, m 


Logic OR of General register and Data memory 


(R) «- (R) OR (M) 


00110 


m H 


m L 


r 


XOR 


m, #i 


Exclusive Logic OR of Data memory and . immediate data 


(M) MM) XOR i 


10101 


m H 


m L 


i 


r, m 


Exclusive Logic OR of General register and Data memory 


(R)— (R)XOR(M) . 


00101 


m H 


mL 


r 


Transfer instruction 


LD 


r, m 


Load Data memory to General register 


(R)«-(M) 


01000 


m H 


m L 


r 


ST 


m, r 


Store General register to Data memory 


(M)HR) 


11000 


m H 


m L 


r 


MOU 


@r, m 


Move Data memory to Destination data memory 
referring to General register 


if MPE= 1 : [(MP),(R)]«-(M> 
if MPE=0 :[(m H ),(R)HM) 


01010 


m H 


m L 


r 


m, @r 


Move Source data memory referring to General 
register to Data memory 


if MPE=1 : (M)-[(MP),(R)] 
if MPE=0 : (M)-[(m H ),(R)] 


11010 


m H 


m L 


r 


m, #i 


Move immediate data to Data memory 


(M)H 


11101 


m H 




• 


MOUT 


DBF 
@AR 


Move Program memory data specified by Address 
register to Data buffer 


(STACK pf )HPO&(PC)MAR)& 
(DBF)«-(ROM) pc l(PC)<-(STACK pf ) 


00111 


000 


0001 


0000 


PUSH 


AR 


Decrement Stack pointer, then move Address register 
to Stack 


(SP) *- (SP) - 1 & 

(STACK pf )HAR) 


00111 


000 


1101 


0000 


POP 


AR 


Move Stack to Address register, then increment Stack 
pointer 


(AR)HSTACK pc ) & 
(SP)HSP)+ 1 


00111 


000 


1100 


0000 


PEEK 


WR.rf 


Get data of Register file to Window register 


(WR)HRF) 


00111 


rf H 


0011 


rf L 


POKE 


•rf.WR 


Put data of Window register into Register file 


(RF)HWR) 


00111 


rf H 


0010 


rfi. 


GET 


DBF , p 


Get peripheral data to Data buffer 


(DBF)HPE) 


00111 


Ph 


1011 


PL 


PUT 


P 

DBF 


Put data of Data buffer to peripheral 


(PE)-(DBF) 


00111 


Ph 


1010 


Pl 


Judge 
instruction 


SKT 


m, #n 


Test Data memory bits, 

then skip if all bits specified are true 


■if (M)„ = all" 1", ■ 
then skip . . 


11110 


m H 


m L 


n 


SKF 


m, #n 


Test Data memory bits, 

then skip if all bits specified are false 


if (M)„ = all "0", 
then skip 


11111 


m H 


mi. 


n 


Branch 
instruction 


BR 


addr 


Jump to the address in page 


. (POaddr & (PC) S12 S11 H)0 


01100 


addr dibits) 


Jump to the address in page 1 


(PO^-addr & (PC) sl2 . 511 -01 


01101 


Jump to the address in page 2 


(PO-addr & (PG) S12 :11 -10 


oino 


Jump to the address in page 3 


(PO-addr & (PC) S12 S11 -11 


01111 


@AR 


Jump to the address specified by Address register 


(PC)-(AR) 


00111 


000 


0100 


0000 


Shift 


RORC 


r 


Rotate General register right with carry 


— > (R)| 1 3- > (R) h2 - *(R)M~*(R'bO-J 


00111 


000 


0111 


r 
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Mnemonic 


Operand 


Function 


Operation 


Machine code 




Op. code 






CALL 


addr 


Call subroutine in page 


(SPMSP)-l & 
(STACK pc M(PC)+l) & 
(PC) s „«-0 & (PC)^ddr 


11100 


addr dibits) 


instruction 


@AR 


Call subroutine 


(SPMSP)-l & 
(STACK pc )H(PC)+l) & 
(PCMAR) 


00111 


000 


0101 


0000 


broutine 


RET 




Return to main routine from subroutine 


(PCMSTACK pe ) & 
(SPMSP)+1 


00111 


000 


1110 


0000 


3 
C/3 


RETSK 




Return to main routine from subroutine, 
then skip unconditionally 


(PCMSTACK pc ) & 
(SPMSP)+1 & and skip 


00111 


001 


1110 


0000 




RETI 




Return to main routine from interrupt 
service routine 


(PC), (BANK), (IXEMSTACK) 
& (SP)HSP)+1 


00111 


100 


1110 


0000 


So. 


EI 




Enable interrupt 


INTEF-1 


00111 


000 


1111 


0000 




DI 




Disable interrupt 


INTEF«-0 


00111 


001 


1111 


0000 




STOP 





Stop clock if CE=low 


stop clock if CE=low 


00111 


010 


1111 


0000 


Othei 


HALT 


h 


Halt the CPU, Restart by condition h 


halt 


00111 


011 


1111 


h 


NOP 




No operation 




00111 


100 


1111 


0000 
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3.3 ASSEMBLER (AS17K) INCORPORATED MACRO 

NOTE 

flag : One of flagl to flagn 

flagl to flagn : Flag mane specified by RESERVED TABLE 

n : Number 

< > : Description can be omitted 





Mnemonic 


Operand 


n 


Function 


Operation 




SKTn 


flagl* • ■ *flagn 


1 ^n^ 4 


Test flagl to flagn, then skip all flags 
specified are true 


if (flagl) to (flagn) = all 
" 1 then skip 


SKFn 


flagl, '"flagn 


1 2Sn^ 4 


Test flagl to flagn, then skip all flags 
specified are false 


if (flagl) to (flagn) = all 
" then skip 


SETn 


flagl, --flagn 


1 ^n^4 


Set all flags in flagl to flagn, 


(flagl) to (flagn) <-l 


CLRn 


flagl, --flagn 


1 ^n^ 4 


Clear all flags in flagl to flagn 


(flagl) to (flagn) <-0 


NOTn 


flagl, •• -flagn 


1 ^n^4 


Complement all flags in flagl to flagn 


if (fiag)="0\ 

then (flag)«-l & 
if (flag) ■•= " 1 ■", 

then (flag)«-0 


INITFLG 


<NOT>flagl, 
-<NOT>flagn 


1 ^n^4 


Initialize all flags in flagl to flagn 


if description = NOT 
flag, (flag)<-0 

if description = flag, 
(flag)<-l 


BANKn 




0^n^3 


Set n into Bank register 


(BANK) <— n, O^n^ 3 
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4. MPD17005 RESERVED WORDS (ASI7K) 
4.1 TABLE OF RESERVED WORDS 



4.1.1 System register (SYSR EG) 



Reserved word 


Model 


Address 


Read/ 
Write 


Function outline 


AR3 


ATT7A If 

MbM 


0.74H 


R 


Bll D15-12 of Address Register 


AR2 


MEM 


0.75H 


R 


BIT bll-8 of Address Register 


AR1 


TV K 17 TV If 

MEM 


0.76H 


R/W 


Bl I d7-4 of Address Register 


ARO 


A/TITAT 

Mr,M 


0.77H 


R/W 


BIT b3-9 of Address Register 


WR 


MEM 


0.78H 


R/W 


Window Register 


BANK 


MEM 


0.79H 


R/W 


Bank Register 


IXH 


MEM 


0.7AH 


R/W 


Index register high 


MPH 


IVliilVl 


. 7AH 


p /w 

K/ W 


Memory pointer high 


MPE 


FLG 


0.7AH.3 


R/W 


Memory pointer enable flag 


IXM 


MEM 


0.7BH 


R/W 


Index register middle 


MPL 


MEM 


0.7BH 


R/W 


Memory pointer low 


IXL 


MEM 


0.7CH 


R/W 


Index register low 


RPH 


MEM 


0.7DH 


R/W 


General Register pointer high 


RPL 


MEM 


0.7EH 


R/W 


General Register pointer low 


PSW 


MEM 


0.7FH 


R/W 


Program status word 


BCD 


FLG 


0.7EH.0 


R/W 


Binary Coded Decimal flag 


CMP 


FLG 


0.7FH.3 


R/W 


Compare flag 


CY 


FLG 


0.7FH.2 


R/W 


Carry flag 


Z 


FLG 


0.7FH.1 


R/W 


Zero flag 


IXE 


FLG 


0.7FH.0 


R/W 


Index register enable flag 



4.1.2 Data buffer (DBF) 



Reserved word 


Model 


Address 


Read/ 
Write 


Function outline 


DBF3 


MEM 


O.OCH 


R/W 


BIT M5-12 OF DBF 


DBF2 


MEM 


O.ODH 


R/W 


BIT bll-8 OF DBF 


DBF1 


MEM 


O.OEH 


R/W 


BIT b7-4 OF DBF 


DBFO 


MEM 


O.OFH 


R/W 


BIT b3-0 OF DBF 
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4.1 .3 LCD dot data register 



Reserved word 


Model 


Address 


Read/ 
Write 


Function outline 


LCDDO 


MEM 


0.60H 


R/W 


LCD data register 


LCDD1 


MEM 


0.61H 


R/W 


LCD data register 


LCDD2 


MEM 


0.62H 


R/W 


LCD data register 


LCDD3 


MEM 


0.63H 


R/W 


LCD data register 


LCDD4 


MEM 


0.64H 


R/W 


LCD data register 


LCDD5 


MEM 


0.65H 


R/W 


LCD data register 


LCDD6 




0.66H 


R/W 


LCD data register 


LCDD7 


MEM 


0.67H 


R/W 


LCD data register 


LCDD8 


MEM 


0.68H 


R/W 


LCD data register 


LCDD9 


MEM 


0.69H 


R/W 


LCD data register 


LCDD10 


MEM 


0.6AH 


R/W 


LCD data register 


LCDD11 


MEM 


0.6BH 


R/W 


LCD data register 


LCDD12 


MEM 


0.6CH 


R/W 


LCD data register 


LCDD13 


MEM 


0.6DH 


R/W 


LCD data register 


LCDD14 


MEM 


0.6EH 


R/W 


LCD data register 



4.1 .4 General Purpose Port Register 



Reserved word 


Model 


Address 


Read/ 
Write 


Function outline 


P0A3 


FLG 


0.70H.3 


R/W 


Port OA bit b3 


P0A2 


FLG 


0.70H.2 


R/W 


Port OA bit b2 


P0A1 


FLG . 


0.70H.1 


R/W 


Port OA bit bl 


POAO 


FLG 


0.70H.0 


R/W 


Port OA bit bO 


P0B3 


FLG 


0.71H.3 


R/W 


Port OB bit b3 


P0B2 


FLG 


0.71H.2 


R/W 


Port OB bit b2 


P0B1 


FLG 


0.71H.1 


R/W 


Port OB bit bl 


POBO 


FLG 


O.71H.0 


R/W 


Port OB bit bO 


P0C3 


FLG 


0.72H.3 


R/W 


Port OC bit b3 


P0C2 


FLG 


0.72H.2 


R/W 


Port OC bit b2 


P0C1 


FLG 


0.72H.1 


R/W 


Port OC bit bl 


POCO 


FLG 


0.72H.0 


R/W 


Port OC bit bO 


P0D3 


FLG 


0.73H.3 


R 


Port OD bit b3 


P0D2 


FLG 


0.73H.2 


R 


Port OD bit b2 


P0D1 


FLG 


0.73H.1 


R 


Port OD bit bl 


PODO 


FLG 


0.73H.0 


R 


Port OD bit bO 
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Reserved word 


Model 


Address 


Read/ 
Write 


Function outline 


P0XL3 


FLG 


A COU o 

U.oeH.o 


R/W 


\) - AV 1, 1 LI 

Port OX bit bl 


P0XL2 


FLG 


a £ O IT 1 

U.borl.^ 


R/W 


Port OX bit bO 


P0XL1 


FLG 


0.68H . 1 


R/W 


DUMMY 


POXLO 


FLG 


0.68H .0 


R/W 


DUMMY 


r>A v TJ 

rUArio 


FLG 


0.O9H .3 


R/W 


Port OX bit b5 




FLG 


0.69H.2 


R/W 


Port OX bit b4 


POX HI 


FLG 


0.69H . 1 


R/W 


Port OX bit b3 


DftV TJ A 

POX HO 


FLG 


0.69H .0 


R/W 


Port OX bit b2 


P0E3 


FLG 


a CDTT 

U.oBH.o 


R/W 


Port 0E bit b3 


P0E2 


FLG 


A £TDTT O 

U.oBH . L 


R/W 


Port 0E bit b2 


P0E1 


FLG 


0.6BH . 1 


R/W 


Port 0E bit bl 


POEO 


FLG 


A C D T T A 

U.oBH. 


R/W 


Port 0E bit bO 


P0F3 


FLG 


A cnn 

U.oDH.o 


R/W 


Port OF bit b3 




FLG 


U.OJJri.Z 


R/W 


T) AT? U^4- UO 

Port Or bit bz 


r Ur 1 


FLG 


0.6DH. 1 


R/W 


P^— 4- At? UJ4- U1 

rort Ur bit bl 


rUr U 


FLG 


A CpvLT A 

U.OJJri . U 


R/W 


P~— +■ AT? Vv*4- kA 

rort Ur bit bU 


pi AO 


FLG 


1 .70H . 3 


R/W 


rort 1A bit Do 


P1A2 


FLG 


1 . 70H . 2 


R/W 


rort 1A bit Dc 


P1A1 


FLG 


1 . 70H . 1 


R/W 


D„-+ 1 A U.'* U1 

rort 1A bit bl 


P1A0 


FLG 


1.70H.0 


R/W 


D„— a. 1 A UCi. UA 

Port 1A bit bO 


P1B3 


FLG 


1.71H.3 


R/W 


Port IB bit bo 


P1B2 


FLG 


1.71H.2 


R/W 


Ty j 1 n u.**. UO 

Port IB bit b2 


D1D1 

r LDl 


FLG 


1 . 71H . 1 


R/W 


D 4- 1 d u:<- U1 

Port IB bit bl 


P1B0 


FLG 


1 . 71H . 


R/W 


Port IB bit bO 


P1C3 


FLG 


1 . 72H . 3 


R/W 


Port 1C bit bo 


P1C2 


FLG 


1 . 72H . 2 


R/W 


D 4. 1 Uii- UO 

Port 1C bit b2 


P1C1 


FLG 


1 . 72H . 1 


R/W 


Port 1L bit bl 


r 1UU 


FLG 


1 . 72H . 


R/W 


d 1/^ u;+ UA 

rort 1U bit bu 


P1D3 


FLG 


1 .73H .3 


R/W 


Pr»rt ID Kif 
roil ILf U1L UO 


P1D2 


FLG 


1.73H.2 


R/W 


Port ID bit b2 


P1D1 


FLG 


1.73H.1 


R/W 


Port ID bit bl 


P1D0 


FLG 


1.73H.0 


R/W 


Port ID bit bO 


P2A3 


FLG 


2.70H.3 


R/W 


Port 2A bit b3 


P2A2 


FLG 


2.70H.2 


R/W 


Port 2A bit b2 


P2A1 


FLG 


2.70H.1 


R/W 


Port 2A bit bl 


P2A0 


FLG 


2.70H.0 


R/W 


Port 2A bit bO 
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4.1.5 Register File (Control Register) 



Reserved word 


Model 


Address 


Read/ 
Write 


Function outline 


SP 


MEM 


0.81H 


R/W 


Stack pointer 


SI02TS 


FLG 


0.82H.3 


R/W 


SI02 start flag 


SI02HIZ 


FLG 


0.82H.2 


R/W 


SO2/P0B1 select flag 


SI02CK1 


FLG 


0.82H.1 


R/W 


SI02 clock select bit bl 


SIO2CK0 


FLG 


0.82H.0 


R/W 


SI02 clock select bit bO 


IFCG 


FLG 


0.84H.0 


R 


IF counter gate status flag 


PLLUL 


FLG 


0.85H.0 


R 


PLL unlock F/F flag 


ADCCMP 


FLG 


0.86H.0 


R 


ADC judge flag 


CE 


FLG 


0.87H.0 


R 


CE terminal status flag 


SIOICH 


FLG 


0.88H.3 


R/W 


SIOl mode select flag 


SB 


FLG 


0.88H.2 


R/W 


SB/SBI select flag 


SIOIMS 


FLG 


0.88H.1 


R/W 


SIOl clock mode select flag 


SIOITX 


FLG 


0.88H.0 


R/W 


SIQ1 TX/RX select flag 


TMMD3 


FLG 


0.89H.3' 


R/W 


Timer interrupt mode select flag 


TMMD2 


FLG 


0.89H.2 


R/W 


Timer interrupt mode select flag 


TMMD1 


FLG 


0.89H.1 


R/W 


Timer carry F/F mode select flag 


TMMDO 


FLG 


0.89H.0 


R/W 


Timer carry F/F mode select flag 


INT1 


FLG 


0.8FH.1 


R 


INT1 terminal status flag 


INTO 


FLG 


0.8FH.0 


R 


INTO terminal status flag 


KSEN 


FLG 


0.90H.1 


R/W 


Key souce decorder enable flag 


LCDEN 


FLG 


0.90H.0 


R/W 


LCD driver enable flag 


POYON 


FLG 


0.91H.3 


R/W 


Port OY enable flag 


POXON 


FLG 


0.91H.2 


R/W 


Port OX enable flag 


POEON 


FLG 


0.91H.1 


R/W 


Port OE enable flag 


POFON 


FLG 


0.91H.0 


R/W 


Port OF enable flag 


IFCMD1 


FLG 


0.92H.3 


R/W 


IF counter mode select flag 


IFCMDO 


FLG 


0.92H.2 


R/W 


IF counter mode select flag 


IFCCK1 


FLG 


0.92H.1 


R/W 


IF counter clock select flag 


IFCCKO 


FLG 


0.92H.0 


R/W 


IF counter clock select flag 


PWM20N 


FLG 


0.93H.3 


R/W 


PWM2 enable flag 


PWM10N 


FLG 


0.93H.2 


R/W 


PWM1 enable flag 


PWMOON 


FLG 


0.93H.1 


R/W 


PWMO enable flag 


CGPON 


FLG 


0.93H.0 


R/W 


CGP enable flag 


ADCCH3 


FLG 


0.94H.3 


R 


AD mode select flag (DUMMY : 0) 


ADCCH2 


FLG 


0.94H.2 


R/W 


AD mode select flag 


ADCCH1 


FLG 


0.94H.1 


R/W 


AD mode select flag 


ADCCHO 


FLG 


0.94H.0 


R/W 


AD mode select flag 
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Reserved word 


Model 


Address 


Read/ 
Write 


Function outline 


PLULDLY3 


FLG 


0.95H.3 


R 


PLL unlock time select flag (DUMMY : 0) 


PLULDLY2 


FLG 


0.95H.2 


R 


PLL unlock time select flag (DUMMY : 0) 


PLULDLY1 


FLG 


0.95H.1 


R/W 


PLL unlock time select flag (DUMMY : 0) 


PLULDLYO 


FLG 


0.95H.0 


R/W 


PLL unlock time select flag 


KEYJ 


FLG 


0.96H.0 


R 


KEY imput judge flag 


TMCY 


FLG 


0.97H.0 


R 


Timer carry F/F status flag 


SBACK 


FLG 


0.98H.3 


R/W 


SB acknowledge flag 


SI01NWT 


FLG 


0.98H.2 


R/W 


SIOl Not wait flag 


SI01WRQ1 


FLG 


0.98H.1 


R/W 


SIOl wait mode flag 


SIO1WRQ0 


FLG 


0.98H.0 


R/W 


SIOl wait mode flag 


IEG1 


FLG 


0.9FH.1 


R/W 


INT1 interrupt edge select flag 


IEGO 


FLG 


0.9FH.0 


R/W 


INTO interrupt edge select flag 


PLLMD3 


FLG 


0.0A1H.3 


R 


PLL mode select flag (DUMMY : 0) 


PLLMD2 


FLG 


0.0A1H.2 


R 


PLL mode select flag (DUMMY : 0) 


PLLMD1 


FLG 


0.0A1H.1 


R/W 


PLL mode select flag 


PLLMDO 


FLG 


0.0A1H.0 


R/W 


PLL mode select flag 


IFCSTRT 


FLG 


0.0A3H.1 


W 


IF counter start flag 


IFCRES 


FLG 


0.0A3H.0 


W 


IF counter reset flag 


POCGIO 


FLG 


0.0A7H.0 


R/W 


Port 0C I/O select flag 


SI01SF8 


FLG 


0.0A8H.3 


R/W 


SIOl clock counter status flag 


SI01SF9 


FLG 


0.0A8H.2 


R/W 


SIOl clock counter status flag 


SBSTT 


FLG 


0.0A8H.1 


R/W 


SB start condition status flag 


SBBSY 


FLG 


0.0A8H.0 


R/W 


SB start & stop condition status flag 


IP1FC 


FLG 


O.OAEH.O 


R/W 


IF counter interrupt permission flag 


IPSIOl 


FLG 


0.0AFH.3 


R/W 


SIOl interrupt permission flag 


IPTM 


FLG 


0.0AFH.2 


R/W 


Timer interrupt permission flag 


IP1 


FLG 


0.0AFH.1 


R/W 


INT1 interrupt permission flag 


IPO 


FLG 


O.OAFH.O 


R/W 


INTO interrupt permission flag 


PLLRFMD3 


FLG 


0.0B1H.3 


R/W 


PLL reference clock select flag 


PLLRFMD2 


FLG 


0.0B1H.2 


R/W 


PLL reference clock select flag 


PLLRFMD1 


FLG 


0.0B1H.1 


R/W 


PLL reference clock select flag 


PLLRFMDO 


FLG 


0.0B1H.0 


R/W 


PLL reference clock select flag 


P1ABI03 


FLG 


0.0B5H.3 


R/W 


P1A3 I/O select flag 


P1ABI02 


FLG 


0.0B5H.2 


R/W 


P1A2 I/O select flag 


P1ABI01 


FLG 


0.0B5H.1 


R/W 


P1A1 I/O select flag 


P1ABIO0 


FLG 


0.0B5H.0 


R/W 


P1A0 I/O select flag 


P0BBIO3 


FLG 


0.0B6H.3 


R/W 


P0B3 I/O select flag 


P0BBIO2 


FLG 


0.0B6H.2 


R/W 


P0B2 I/O select flag 


P0BBIO1 


FLG 


0.0B6H.1 


R/W 


P0B1 I/O select flag 


P0BBIO0 


FLG 


0.0B6H.0 


R/W 


P0B0 I/O select flag 
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Reserved word 


Model 


Address 


Read/ 
Write 


Function outline 


P0ABIO3 


FLG 


0.0B7H.3 


R/W 


P0A3 I/O select flag 


P0ABIO2 


FLG 


O.0B7H.2 


R/W 


P0A2 I/O select flag 


P0ABIO1 


FLG 


0.0B7H.1 


R/W 


P0A1 I/O select flag 


P0ABIO0 


FLG 


0.0B7H.0 


R/W 


POAO I/O select flag 


SI01IMD3 


FLG 


0.0B8H.3 


R 


SIOl interrupt mode select flag (DUMMY : 0) 


SI01IMD2 


FLG 


0.0B8H.2 


R 


SIOl interrupt mode select flag (DUMMY : 0) 


SI01IMD1 


FLG 


0.0B8H.1 


R/W 


SIOl interrupt mode select flag 


SIO1IMD0 


FLG 


0.0B8H.0 


R/W 


SIOl interrupt mode select flag 


SI01CK3 


FLG 


0.0B9H.3 


R 


SIOl Shift clock select flag (DUMMY : 0) 


SI01CK2 


FLG 


0.0B9H.2 


R 


SIOl Shift clock select flag (DUMMY : 0) 


SI01CK1 


FLG 


0.0B9H.1 


R/W 


SIOl Shift clock select flag 


SIO1CK0 


FLG 


0.0B9H.0 


R/W 


SIOl Shift clock select flag 


IRQIFC 


FLG 


O.OBEH.O 


R/W 


IF counter Interrupt request flag 


IRQSIOl 


FLG 


0.0BFH.3 


R/W 


SIOl Interrupt request flag 


IRQTM 


FLG 


0.0BFH.2 


R/W 


Timer Interrupt request flag 


IRQ1 


FLG 


0.0BFH.1 


R/W 


INT1 Interrupt request flag 


IRQO 


FLG 


O.OBFH.O 


R/W 


INTO Interrupt request flag 
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4.1.6 Peripheral hardware address 



Reserved word 


Model 


Address 


Read/ 
Write 


Function outline 


DBF 


DAT 


OFH 


R/W 


Data Buffer address for GET/PUT instructions 


IX 


DAT 


01H 


R/W 


Index register address for INC instructions 


ADCR 


DAT 


02H 


R/W 


A/D converter Vref data register 


SI02SFR 


DAT 


03H 


R/W 


SI02 Presettable shift register 


SI01SFR 


DAT 


04H 


R/W 


SIOl Presettable shift register 


PWMRO 


DAT 


05H 


R/W 


PWMO Data register 


PWMR1 


DAT 


06H 


R/W 


PWM1 Data register 


PWMR2 


DAT 


07H 


R/W 


PWM2 Data register 


LCDRO 


DAT 


08H 


W 


LCD group data register 


LCDR1 


DAT 


09H 


W 


LCD group data register 1 


LCDR2 


DAT 


OAH 


W 


LCD group data register 2 


LCDR3 


DAT 


OBH 


W 


LCD group data register 3 


LCDR4 


DAT 


OCH 


W 


LCD group data register 4 


POX 


DAT 


OCH 


W 


Port OX data register 


LCDR5 


DAT 


ODH 


W 


LCD group data register 5 


LCDR6 


DAT 


OEH 


W 


LCD group data register 6 


LCDR7 


DAT 


OFH 


w 


LCD group data register 7 


CGPR 


DAT 


20H 


R/W 


CGP data register 


AR 


DAT 


40H 


R/W 


Address Register address for GET/PUT/PUSH/CALL/BR/MOUT/INC instructions 


PLLR 


DAT 


41H 


R/W 


PLL data register 


KSR 


DAT 


42H 


R/W 


Key souce data register 


POY 


DAT 


42H 


R/W 


Port OY data register 


IFC 


DAT 


43H 


R 


IF counter data register 
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5. ELECTRIC CHARACTERISTICS (TENTATIVE) 



5.1 ABSOLUTE MAXIMUM RATINGS (T a = 25 ±2 °C, unless otherwise) 




Power Voltage 


Vdd 


-0.3 to +6.0 


V 


Input Voltage 


v, 


-0.3 to V DD + 0.3 


V 


Output Voltage 


v 


-0.3 to V DD + 0.3 (excluding PI B-| to P1B 3 , P0A 2 , P0A 3 , LPFqut) 


V 


Maximum Output Voltage 


VbdS1 


18.0 (PIBt toP1B 3 , LPFqut) 


V 


Maximum Output Voltage 


VbDS2 


V DD + 0.3 (P0A 2 , P0A 3 ) 


V 


Output Absorption Current 


•o 


10.0 


mA 


Operating Temperature 


T a 


-40 to +85 


°C 


Storage Temperature 


Tstg 


-55 to +125 


°C 



5.2 RECOMMENDED OPERATING CONDITIONS 



CHARACTERISTIC 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


Power Voltage 


v DD1 


4.5 


5.0 


5.5 


V 


With PLL and CPU active 


Power Voltage 


V DD2 


3.5 


5.0 


5.5 


V 


With CPU active and PLL not active 


Data Retention Voltage 


V DDR 


2.2 




5.5 


V 


No crystal oscillation 


Power Voltage Rising 
Time 


Trise 






500 


ms 


V DD = 0->4.5 V 


Input Magnitude 


Vin1 


0.5 




Vdd 


Vp-p 


VCOL, VCOH 


Input Magnitude 


Vin2 


0.5 




Vdd 


Vp-p 


AMIFC, FMIFC 


Maximum Output 
Voltage 


V BDS 


0.0 




16.0 


V 


P1Bi toP1B 3 , LPFqut 


Operating Temperature 


T a 


-40 




85 


°C 
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5.3 ELECTRIC CHARACTERISTICS 

(T a = -40 to +85 °C and V DD = 4.5 to 5.5 V, RH <L 70 %, unless otherwise specified) 



CHARACTERISTIC 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


Power Voltage 


V D D1 


4.5 


5.0 


5.5 


V 


With CPU and PLL active 


Pn\A/or \/ni+ano 
ruwci v ui Ldyc 


V DD2 


3.5 


5.0 


5.5 


v 


With CPU active and PLL not active 


Power Current 


>DD1 




1.2 


2.4 


mA 


With CPU active and PLL not active 
Positive wave input 
(fin = 4.5 MHz, V, N = V DD ), 
T a = 25 °C X|n pin 


Power Current 


•dD2 




0.45 


0.90 


mA 


With CPU active and PLL not active 
HALT instruction in use (execute 
20 instructions per 1 ms) 
Positive wave input 

(fin = A R MH7 Vim = Vr^\ 
t.o ivin*., v in " DD'» 

T a = 25 °C X| N pin 


Data Retention Voltage 


V DDR1 


3.5 


5.0 


5.5 


V 


Use electrical blackout detection by 
timer F/F Crystal oscillation 


Data Retention Voltage 


V DDR2 


2.2 


5.0 


5.5 


V 


Use electrical balckout detection by 
timer F/F No crystal oscillation 


Data Retention Voltage 


V DDR3 


2.0 


5.0 


5.5 


V 


Data memory (RAM) retention 


Data Retention Current 


•ddri 




5 


15 


MA 


No crystal oscillation T a =25 °C 


Data Retention Current 


>DDR2 




5 


10 


ma 


No crystal oscillation 

V DD =5.0 V, T a =25°C 


Intermediate Level 
Output Voltage 


V CM1 


2.3 


2.5 


2.7 


V 


COM , COM! V DD =5 V 


High Level Output 
Voltage 


V,hi 


0.8 V DD 


0.6 V DD 




V 


P0A to P0A 3 , P0B o to POB3, 
P0C to POC3, P1A to PIA3, 
P1D to PID3, CE, INTq, INT1 


High Level Output 
Voltage 


V IH2 


0.6 V DD 


0.5 V DD 




V 


P0D to POD3 


Low Level Output 
Voltage 


V| L 1 




0.4 V DD 


0.2 V DD 


V 


POAo to P0A 3/ P0B to POB3, 
P0C to POC3, P0D to POD3, 
P1A to PIA3, P1D to PID3, 
CE, INT , INTt 


High Level Output 
Current 


'0H1 


-1.0 


-5.0 




mA 


P0A to POAi, P0B to POB3, 
P0C to POC3, P0D o to POD3, 
P1A to PIA3, P1C to PIC3, P1B 
V 0H =V DD -1 v 


High Level Output 
Current 


'OH2 


-1.0 


-4.0 




mA 


LCD to LCD29, EOq, EOi 

Voh=V D d-1 v 
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CHARACTERISTIC 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


Low Level Output 
Current 


>OL1 


1.0 


7.0 




mA 


POAq, POAi , POBrj to P0B 3 , 
P0C to P0C 3 , P0D to POD3, 
P1A to PIA3, P1C to PIC3, P1 B 
V H=V DD -1 V 


Low Level Output 
Current 


•OL.2 


1.0 


3.5 




mA 


LCD to LCD29, EOq, EO1 

v h=v dd -i v 


Low Level Output 
Current 


>OL3 


1.0 


2.0 




mA 


P1B-I to PIB3 V 0L =1 V 


Low Level Output 
Current 


'OL4 


1.0 


10.0 




mA 


P0A 2 , POA3 V L=1 v 


High Level Input 
Current 


'iHl 


0.1 


0.8 




mA 


VCOH at pull-down V| H =V DD 


High Level Input 
Current 


1 IH2 


0.1 


0.8 




mA 


VCOL at pull -down V| H =V DD 


High Level Input 
Current 


•lH3 


0.1 


1.3 




mA 


X| N at pull-down Vm=V DD 


High Level Input 
Current 


■lH4 


0.05 


0.13 


0.30 


mA 


PODq to POD3 at pull -down 

V IH =V DD 


Maximum Output 
Voltage 


V BDS 







16 


V 


P1Bi to P1B 3f LPFqut 


Output Off-Leak 
Current 


"L1 






500 


nA 


P0A 2 ,P0A 3 V 0H =V D D 


Current 


>L2 






500 


nA 


P1B 1 toP1B 3 V 0H =16V 


Dntnnt Off-I pak 

Current 


lL3 






100 


nA 


EO , EOi V 0H =Vdd, V OL =0 V 


AD Conversion 
Resolution 








6 


bit 




AD Conversion 
Absolute Accuracy 






1 


1.5 


LSB 


T a =-10to50°C 


Operating Frequency 


f in1 


0.5 




30 


MHz 


VCOL MF mode Positive wave 
input V )N =0.3 Vp.p 


Operating Frequency 


fin2 


5 




40 


MHz 


VCOL HF mode Positive wave 
input V| N =0.3 Vp.p 


Operating Frequency 


fin3 


9 




150 


MHz 


VCOH Positive wave input 

V| N =0.3Vp.p 


Operating Frequency 


f in4 


9 




250 


MHz 


VCOH Positive wave input 

V, N =0.5Vp. P 


Operating Frequency 


f in5 


0.1 




1 


MHz 


AMI FC Positive wave input 

V, N =0.3 Vp.p 


Operating Frequency 


f in6 


5 




15 


MHz 


FMIFC Positive wave input 

V IN =0.3V P .p 
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(Reference characteristics) 



CHARACTERISTIC 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


Power Current 


■dD3 




15 




mA 


With CPU and PLL active VCOH 
Positive wave input 
fin = 150 MHz, Vin = 0.5 V P . P , 
V DD = 5 V, T a = 25 °C 


High Level Output 
Current 


! OH4 




-0.2 




mA 


COM , COM-, V h=V dd -1 V 


Intermediate Level 
Output Current 


'0M1 




20 




ma 


COM , COMt V m=VdD 


Intermediate Level 
Output Current 


'0M2 




-20 




ma 


COMq^OM, v om =ov 


Low Level Output 
Current 


'0L6 




0.2 




mA 


COM , COMt V l=1 V 
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ONE-TIME PROM 4-BIT SINGLE-CHIP MICROCONTROLLER 
WITH BUILT-IN HARDWARE FOR DIGITAL TUNING SYSTEM 



The /iPD17P005 is a product with the built-in mask ROM of juPD17005 replaced with the one-time PROM. 

juPD17P005 allows the user to write any program and is suitable for prototyping or small volume production in 
the system development of the ;uPD1 7005 or juPD17003A (ROM, RAM scale-down version of /iPD17005). 

The analog characteristics (PLL) of /uPD17P005 are different from the juPD17005 or the /uPD17003A cases. 
Using device really should be evaluated about time Constance. 

See also juPD 17005 or juPD17003A data when reading this data sheet. 

FEATURES 

• juPD1 7005, mPD1 7003A compatible. 

• Built-in one time PROM ROM: 16 KB (7932 steps x 16 bits) 

• Single supply 5 V ±10 % 

ORDERING INFORMATION 

Order Code Package Quality Grade 

/IPD17P005GF-3B9 80-pin plastic QFP (14 x 20) Standard 
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PIN CONFIGURATION (Top View) 
(1 ) Normal operation mode 



WWWWWWW" 



POCt o- 
POCq O— 
POA3/SDA o- 
P0A 2 /SCL O— 
POAt/SCKi o— 
POAq/SOt o— 
POB3/SI1 o- 
POB2/SCK2 o— 
POB-1/SO2 o— 
P0B /Sl2 o— 
intt o — 

INT O— 



CE O- 

PIA3 o* 

P1A 2 O* 
P1A-! CK 
P1A /FCG O 
PIB3/PWM2 o* 

P1B 2 /PWM-| O 
P1Bi/PWM O 



PIBo/CGP O 
PIC3 o 
P1C 2 o* 
PIC! O 



CM CO "Sf 

U CJ <J 
000 

< < < 

CM CO ~0 ~CN 

O (J Q Q Q i_i 

£ £ £ £ £ £ 



_ . J ~co ^3- ~tn 
>>>>>> 

££££££ 

*0 *C\| *C?> ""^ If) 

Q O O O O O 

q o cj o o u 



> > 

£ £ 



>- > 
£ £ 



99000 00 999999999 



80 79 78 

, o 



77 76 75 74 73 72 71 70 69 68 67 66 65„ 



28 29 30 31 32 33 34 35 36 37 38 39 40 
1 



6 06 

y #T " S o o 
> 



-<-><-> - w ^ 

I 1 < < > ^ 



< ^ 
do" 

r~ «- ol 



6066666 

t Z O ^ Z H LL 



-O LCD 10 /P0Y 10 /KS l0 
—O LCDn/TOYn/KSii 
-*Q LCD12/POY12/KS12 
-O LCD 13 /P0Y 13 /KSi3 
— O LCDi4/P0Y 14 /KSi4 
-O LCD 15 /P0Y 15 /KS15 
-O LCD 16 /P0X 
-O LCD 17 /P0Xi 
-*0 LCD 18 /P0X 2 
-KJ LCD 19 /P0X 3 
-O LCD20/POX4 
■*0 LCD21/POX5 
-O LCD22/POE0 
-O LCD23/POE1 
LCD 2 4/P0E 2 
-O LCD25/POE3 
-O LCD 2 6/P0F 
-O LCD27/POF1 
-K) LCD 2 8/P0F 2 
-O LCD29/POF3 
-O COM 
-O COM1 



-O P2Ao 
-O VdD2 
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(2) PROM programming mode 



CM CO 

Q Q 
2 5 



Vp P 
(L) 
V D D 

J 



(Open) < 



OOOOOOOOOOOOOOOO 



79 78 77 76 75 74 73 72 71 70 

o 



25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 



-o' 




-o 




-o 




-o 




-o 




-O 

-o 


► (Open) 


-o 




-o 




-o 




-o 




-o. 




-o 


DO 


•o 


D1 




D2 


•o 


D3 


*o 


D4 


*o 


D5 


*o 


D6 




D7 






i 


► (Open) 






-o 


VDD2 



6666666666666666 



Note: ( ): Treatment of pins that are not used in PROM programming mode. 
L: Separately connect to respective ground via a resistor (470 CI) 
Open: Do not connect. 
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POAO-POA3 


: Port OA 


PWM0-PWM2 


: D/A converter output 


POB0-POB3 


Port OB 


CGP 


Clock generator port 


POC0-POC3 


Port OC 


FMIFC 


Frequency counter input 


PODO-POD3 


Port OD 


AMIFC 


Frequency counter input 


POEO-POE3 


Port OE 


ADC0-ADC5 


A/D converter input 


POFO-POF3 


Port OF 


VCOL 


Local oscillation low input 


POXO-POX5 


Port OX 


VCOH 


Local oscillation high input 


P0Y -P0Y 15 


Port OY 


X IN/X0UT 


Crystal resonator connecting pin 


PIA0-PIA3 


Port 1 A 


EOo, Ed 


Error-out output 


PIB0-PIB3 


Port 1B 


LPF IN 


LPF amplifier input 


PIC0-PIC3 


Port 1C 


LPFout 


LPF amplifier output 


PID0-PID3 


Port 1D 


COM , COMt 


LCD common signal output 


P2A 


Port 2A 


LCD0-LCD29 


LCD segment signal output 


SDA 


Serial data input/output 


KS0-KS15 


Key source signal output 


SCL 


Serial clock input/output 


CLK 


Clock input for PROM 


SCKt , SCK 2 


Serial clock input/output 


MD0-MD3 


Mode selection for PROM 


SOt , S0 2 


Serial data output 


D0-D7 


Data input/output for PROM 


Sh, Sl 2 


Serial data input 


Vp P 


Power Supply for PROM 


INT , INT, 


External interrupt input 


Vlpf 


LPF amplifier source 


CE 


Chip enable input 


VdD1, VqD2 


Power source 


FCG 


External gate counter input 


GND 


Ground 
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BLOCK DIAGRAM 



1/16, 
1/17 



Programmable 
Divider 



X| N /CLK O- 

xoutO- 



r-AAAr-i 



Swallow 
Counter 



D 



POAq/SOi o- 
POA-i/SCKt o 

poa 2 /scl o- 

POA3/SDA o 
P0B /SI 2 o- 
PQB1/SQ2 o- 

POB2/SCK2 o- 
POB3/SI1 o 



Serial I/O (^) 



POC O 
POC-] o 
POC2 o- 

P0C3 a 





POC 


:> 


) 


5 


) 



pi aq/fcg a 
piat a 
pia 2 ca- 
pias o 





P1 A 


) 


) 


) 


5 



P1C o 

pic! o 

P1C 2 o- 
pic 3 a 





P1C 


> 


) 


) 


) 



P2Aq O- 



Sj — / 



RAM 
432 x 4 bits 



Instruction 
Decoder 



3E 



One Time PROM 
7932 x 16 bits 



3Z 



Stack 
7 x 13 bits 



VDD2 O- 





Reset 




) 


) 




5 



1 



Phase 
Detector 



^) ^— ^ Program Counter 




A- IF 

Count 



_K LCD 
* Driver 



r-AAAr-i 

— Io<i 



A/D 
Converter 



3 



D/A 
Converter 



» EOfj 
) EO-i 



) COM 
) COMt 

) LCDq/POYq/KSo 
) LCDt/POY-i/KSi 
) LCD 2 /P0Y 2 /KS2 
) LCD3/POY3/KS3 

I 

) LCD 2 4/P0E 2 /D2 
) LCD 25 /P0E 3 /D3 
) LCD 2 6/P0F /D4 
) LCD27/POF1/D5 
) LCD28/P0F 2 /D6 
) LCD29/POF3/D7 



-O PID3/FMIFC 
-O P1D 2 /AMIFC 



) P1D /ADC 
) PID1/ADC1 
) POD0/ADC2/MDO 
) POD1/ADC3/MDI 
) P0D 2 /ADC 4 /MD2 
) POD3/ADC5/MD3 



-O P1B /CGP 



) PIBt/PWMq 
) P1 B2/PWM1 
) P1 B3/PWM2 



Interrupt 




C 

C 


Control 
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1. PIN FUNCTIONS 
1.1 Port Pin 



Pin Name 


Input/ output 


Dual function pin (*) 


Function 


Reset 


POA 


Input/ output 


SO1 


4-bit input/output port (Port OA) 


Input 


POAi 




SCK1 


Input/output settable in 1-bit. 




POA2 




SCL 




N-ch open-drain. 




POA3 




SDA 




5 V withstand voltage 




POB 


Input/ output 


Sl 2 


4-bit input/output port (Port OB) 


Input 


POB1 




SO2 


Input/output settable in 1-bit. 




POB2 




SCK2 








POB3 




Sh 








POC0-POC3 


Input/ output 




4-bit input/output port. (Port OC) 
Input/output settable in 1 -bit. 


Input 


POD0-POD3 


Input 


ADC2-ADC5 (MD0-MD3) 


4-bit input port (Port OD) 
Pull-down resistor built-in. 


— 


rUtQ— r*Jt3 


Output 




4-bit output port (Port OE) 




rUrQ— rui-3 


Output 


i_v»>u26 — '-'-''-'29 »'-'^ — yj 1 1 


4-bit output port (Port OF) 




rUAQ — rUA5 


Output 


I_U U 1 g — LC/ L>2 1 


6-bit output port (Port OX) 




PUYq— rOY-|5 


Output 


LOUq/ K-oO— 1 5/ K.b 1 5 


16-bit output port (Port OY) 




P1 Ag 


I nput/output 


FCG 


4-bit input/output port (Port OA) 




P1A-J-P1A3 






Input/output settable in 1-bit. 




P1B.0 


Output 


CGP 


4-bit output port (Port 1B) 




PIB^PIBs 




PWM0-PWM2 




N : ch open-drain. 

16 V withstand voltage 




PIC0-PIC3 


Output 




4-bit output port (Port 1C) 




P1D 


Input 


ADC 


4-bit input port (Port 1D) 




P1Di 




ADC-| 








P1D2 




AMI FC 








PID3 




FMIFC 








P2A 


Output 




■ ■ 

1-bit output port (Port 2A) 





*: Pins in parentheses are dual function pins in PROM programming mode. 
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1.2 Pin for Other Than Port (In Normal Operation Mode) 



Pin Name 


Input/ output 


Dual function pin (*) 


Function 


Reset 


SOi 


Output 


POA 


Serial data output pin 


Input 




Input/ output 


POA r 


Serial clock input/output pin 






Input/ output 


POA2 


Serial clock input/output pin 




SDA 


Input/ output 


POA3 


Serial data input/output pin 




Sl 2 


Input 


POB 


Serial data input pin 


Input 


SO2 


Output 


1 .... . ~ 1 

POBt 


Serial data output pin 




SCK 2 


Input/ output 


POB 2 


Serial clock input/output pin 




sh 


Input 


POB3 


Serial data input pin 




INT 


Input 




Edge-sensitive vector interrupt input pin 




INT-) 




(V PP ) 


(detection edge selectable) 






_ 




Operation select pin and reset signal input pin 


_ 




nput 


PIAq 


External gate counter input pin 


I 

- 




Output 


P.1 B 


, 

Clock generator port output pin 


- 


P\A/M,-s DIA.'Mm 
rvVIVIO — ' VViv'12 


Output 


P 1 B 1 — PIB3 


. 

D/A converter output pin. 

N-ch open-drain. 

16 V withstand voltage 




ADCq-ADCt 


Input 


PIDq-PIDt 


Analog input pin to D/A converter 


- 


ADC2-ADC5 




P0D -P0D 3 (MD0-MD3) 


| Key source signal return output pin 




COM , COMt 


Output 


- 


Common signal output pin of LCD controller/ 
Driver 


I 

- 


LCD -LCD 15 


Output 


POYq/KSo— POY1 5/KS1 5 


Segment signal output pin of LCD controller/ 


- 


LCD 16 -LCD 2 1 




POX0-POX5 


Driver 




LCD22-LCD25 




POE o -P0E 3 (D0-D3) 






LCD26-LCD29 




P0F -P0F 3 (D4-D7) 






KS -KS 15 


Output 


LCD /P0Y -LCD 15 /P0Yi5 


Key source signal output pin of key matrix 


- 


AMI FC 


Input 


P1D 2 


Frequency counter input pin 




FMIFC 




PID3 






VCOL 


Input 




Local oscillation frequency input pin 




VCOH 










X|N 


Input 


(CLK) 


Crystal resonator 




x OUT 


Output 








EO 


Output 




Charge pump output pin of PLL frequency 




EOt 






synthesizer 




LPF lN 


Input 




Amplifier input pin for low-pass filter 




LPFOUT 


Output 




Amplifier output pin for low-pass filter 

N-ch open-drain. 

16 V withstand voltage 
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Pin Name 


Input/ output 


Dual function pin (*) 


Function 


Reset 


V L PF 






Amplifier supply pin for low-pass filter 




V DD1 






Device supply pin. 6 V applied in program 
memory write/read/verify mode. 




V DD2 


GND 






Ground pin 





*: Pins in parentheses are dual function pins in PROM programming mode. 



1.3 Pin for Other Than Port (In PROM Programming Mode) 



Pin Name 


Input/ output 


Dual function pin 


Function 


Reset 


CLK 


Input 


X IN 


Clock input pin at program memory write/ 
read/verify. 




D -D 7 


Input/ output 


LCD22/POE0-LCD29/POF3 


Data input/output pin at program memory 
write/read/verify. 




MD0-MD3 


Input 


POD0/ADC2-POD3/ADC5 


Operation mode select pin at program memory 
write/read/verify. 




V PP 




INT-| 


Program voltage application pin at program 

memory write/read/verify. 

12.5 V applied at program memory write/read/ 

verify. 

Used as INT-j pin in normal operation mode. 
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1 .4 Equivalent Circuit for Pin 



1.4.1 POA (POA, /SCKi, POAo/SOt ) 

POB (P0B 3 /SI 1f P0B 2 /SCK 2 , POBt/SO;,, P0B /SI 2 ) 
POC (P0C 3 , P0C 2 , POC1, P0C ) (Note) 
P1 A (P1 A3, P1 A 2 , P1 At , P1 A ) 
D0-D7 



(Input/Output) 



V D D 




RESET (Other than D0-D7) 
Data read signal (POC, D0-D7) 



1.4.2 POA (POA3/SDA, P0A 2 /SCU (Input/output) 

v DD 




1.4.3 P1B (P1B /CGP) 

P1C(P1C 3 , P1C 2 , P1C lf P1C ) 
P2A (P2A ) 

LCD /POYo/KSo-LCD 29 /POF3 
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1.4.4 P1B (PIB3/PWM2, P1B 2 /PWM 1# PIBt/PWMq) (Output) 



1.4.5 POD (POD3/ADC5/MD3, P0D 2 /ADC 4 /MD2, POD1 /ADC3/MDI , P0D /ADC 2 /MD0) (Input) 



High on- resistance 



1.4.6 P1D (PIDt/ADCv, P1D /ADC ) (Input) 



A/D converter 



HI 



1.4.7 P1D (PID3/FMIFC, PID2/AMIFC) (Input) 

v DD 

X 



General purpose port 



> 

lb 



^DD . High on-resistance 

" -Eh VDD 



I- 




Frequency counter 
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I 

INTi/Vpp > (Schmitt triggered input) 
INT J 




1.4.9 Xqut (Output), X, N /CLK (Input) 



v D d 



Xjn/CLK o- 



XOUT '-'-> - 



High on-resistance 
VDD 



Hl 



I 



High on- 
resistance Tfr 



■ T .. 



1.4.10 EOt i 



EO J 



> (Output) 



V D D 
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1.4.11 LPF| N (Input), LPFqut (Output), V L pf 




1.4.12 COM! 
COMq 



(Output) 



V D D 



vdd 



1.4.13 VCOH \ , 

VCOL } ,,nPUt) 



lh 



Ih 
lh 



lh 

High on-resistance 



3h 

High on-resistance 



V DD JL High on- ^ 
resistance V DD 



H 



3h 



High on- 
w resistance ^ 
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2. FUNCTION LIST 



— Model 
Item ~ — — 


MPD17003A 


juPD 17005 


AIPD17P005 


ROM (x 16 bits) 


3836 


7932 


7932 (PROM) 




Table reference area 


256 


7932 


RAM (x 4 bits) 


320 


432 




Data buffer 


4 


General register 


16 


System register 


12 nibbles 


Register file 


33 nibbles (control register) 


General-purpose port register 


24 nibbles 


I nsturction execution time 


4.44 /is (4.5 MHz crystal resonator used) 


Stack level 


7-level (stack operation available) 


General- 
purpose port 


Input/output port 


16 units 


Input port 


8 units 


Output port 


9 units (+30: LCD segment pin) 


Clock generator port 


1 unit 


LCD controller/driver 


• 30 segments, 2 commons 

1/2 duty, 1/2 bias, frame frequency 250 Hz, drive voltage V DD 
1 6 segment pins, also working as key source 
All of 30 segments can be used as output ports. 

(A. A. f\ 1fi conmontc • inrlononrtontlv/ cot+ahlo \ 
\*+, *+, U, lu ocyiiltJI 1 Lb . II lUcfJcl lUcll LI y dcLldUlc./ 


Serial interface 


• 2 systems 

8-bit 3-wire: 2-channel 
8-bit 2-wire: 1 -channel 


D/A converter 


• 8-bits x 3 (PWM output, output withstand voltage 16 V max.) 


A/D converter 


• 6 bits x 6 (successive approximation by software) 


Interrupt 


• 5 channels (Maskable interrupt) 

External interrupt: 2 channels (INTq pin, INT-j pin) 

Internal interrupt: 3 channels (timer, serial interface 1, frequency 

counter) 


Timer 


• 2 systems 

Timer carry FF (1, 5, 100, 250 ms) 
Timer interrupt (1, 5, 100, 250 ms) 


Reset function 


• Power-ON reset (at power on) 

• Reset by CE pin (CE pin goes from low to high.) 

• Power failure detection function 
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— — Model 
Item ~ " 


AIPD17003A 


liPD 17005 


MPD17P005 


PLL 

frequency 
synthesizer 


Dividing method 


• 2 types: 

Direct dividing method: (VCOL pin 20 MHz max.) 
Pulse swallowing: (VCOL pin 40 MHz max.) 
(VCOH pin 250 MHz max.) 


Reference frequency 


• 12 types selectable by program. 

1 , 1 .25, 2.5, 3, 5, 6.25, 9, 1 0, 1 2.5, 25, 50, 1 00 kHz 


Charge pump 


• Two independent error-out output 


Phase comparator 


• Unlock detection available by program. 
Unlock FF delay time selectable. 


Amplifier for LPF 


• CMOS operational amplifier, output withsatnd voltage 16 V max. 


Frequency counter 


• Frequency measurement 
P1D 3 /FMIFC pin: 5 to 15 MHz 
P1D 2 /AMIFCpin: 0.1 to 1 MHz 

• External gate width measurement 
POAt/FCG pin 


Supply voltage 


• V DD = 4.5 to 5.5 V (PLL and CPU operations) 

• V DD = 3.5 to 5.5 V (PLL stop, CPU operation) 

• VpD = 2.2 to 5.5 V (Crystal resonator stop) 


Package 


80-pin plastic QFP 
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3. WRITE/READ/VERIFY THE ONE-TIME PROM (PROGRAM MEMORY) 

The program memory built in juPD17P005 is a 15864 x 8-bit electrically writable one-time PROM. This PROM 
is accessed in 1-word, 16-bit in normal operation mode and in 1-word, 8-bit in program memory write/read/verify 
mode. In this case, the upper 8 bits of 1-word, 16 bits are allocated to even address and the lower 8 bits to odd 
address, respectively. 

At PROM write/read/verify, set to PROM mode and use those pins shown in Table 3-1. 
Addresses are updated by the clock input from the CLK pin instead of the address input. 



Table 3-1 Pins to be used at program memory write/read/verify 



Pin Name 


Function 


Vpp 


Program voltage application pin. 
12.5 V applied. 

Used as INT1 pin in normal operation mode. 


CLK 


Address update clock input pin 


MD0-MD3 


Operation mode select pin 


D0-D7 


8-bit data input/output pin 


VDD1» Vqd2 


Supply voltage application pin. 
6 V applied 

5 V ±10 % applied in normal operation mode. 



The built-in PROM is written using the specified PROM programmer and dedicated program adapter. Use the 
following PROM programmer and program adapter. 

PROM programmer: AF-9703 (Ando Electric Co.) 

AF-9704 (Ando Electric Co.) 
Program adapter: AF-9803 (Ando Electric Co.) 

3.1 Operation Mode at Program Memory Write/Read/Verify 

The /iPD17P005 changes to the program memory write/read/verify mode when +6 V is applied to the Vqd P'n 
and +1 2.5 V to the Vpp pin. 

According to the setting of the MD0-MD3, this mode is set to the operation mode as shown in Table 3-2. 

All input pins not used in program memory write/read/verify mode are connected to the ground via the pull- 
down resistance (470 £1). 



Table 3-2 Operation mode at program memory write/read/verify 



Designation of operation mode 


Operation mode 


Vpp 


Vdd 


MDO 


MD1 


MD2 


MD3 


+12.5 V 


+6 V 


H 


L 


H 


L 


clear of program memory address 


L 


H 


H 


H 


Write mode 


L 


L 


H 


H 


Read/verify mode 


H 


X 


H 


H 


Program inhibit mode 



Remark X: L or H 
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3.2 Program Memory Write Procedure 

The program memory write procedure is as follows and High-speed write is avilable. 

(1 ) Pull down the input pins not in use to the ground via the resistance. Set the CLK pin low. 

(2) Supply 5 V to the Vqd and Vpp pins. 

(3) Wait for 10 jus. 

(4) clear mode of program memory address. 

(5) Supply 6 V to the V DD pin and 12.5 V to the Vpp pin. 

(6) Program inhibit mode 

(7) Write data in 1 ms write mode. 

(8) Program inhibit mode 

(9) Verify mode. Proceed to (1 ) if written. If not, repeat steps (7) to (9). 

(10) Times written in (7) to (9): X) x 1 ms additional writing 

(11) Program inhibit mode 

(1 2) The program memory address is updated (+1 ) by inputting 4 pulse signals to the CLK pin. 

(13) Repeat (7) to (12) up to the final address. 

(14) clear mode of program memory address 

(15) Change the V DD /V PP pin voltage to 5 V. 

(16) Power OFF 

Steps (2) to (12) are schematically shown below. 



Repeat X times 



Vpp 



V D D 



Vpp 

v D d — 

Vdd+1 

v DD — 



J- 



Write _ 
Write 



Verify _ 
Verify 



Additionally_ 
write 



Address 
increment 



Data input ^ ^Data output^ fj. ^ Data input 



j — V 



_A/WY 



\_j — w — — v_y 
r 



r 
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3.3 Program Memory Read Procedure 

The 7P005 can read the contents of program memory by the following procedures. 

(1 ) Pull down the input pins not in use to the ground via the resistance. Set the CLK pin low. 

(2) Supply 5 V to the Vqd and Vpp pins. 

(3) Wait for 10jtis. 

(4) clear mode of program memory address. 

(5) Supply 6 V to the V DD pin and 1 2.5 V to the V PP pin. 

(6) Program inhibit mode 

(7) Verify mode. Sequentially output the data of one address each time 4 clock pulse signals are input to the 
CLK pin. 

(8) Program inhibit mode 

(9) clear mode of program memory address 

(10) Change the Vdd. Vpp pin voltage to 5 V. 

(11) Power OFF 

Steps (2) to (9) are shown below. 



v Vpp 

Vpp 

vdd- 



vdd+i r 

I 



VDD- 



ywwwvwyi 



^ Data output ^ Data output ^ || 



2-125 



^PD17P005 



SEC 



4. ELECTRIC CHARACTERISTICS 
ABSOLUTE MAXIMUM RATING (T a = 25 ±2 °C) 



Supply Voltage 


Vdd 




-0.3 to +6.0 


V 


Input Voltage 


Vi 




-0.3 to Vdd + 0.3 


V 


Output Voltage 


V 


Except P1 Bi — P1 B3, POA2, POA3, LPFqut 


-0.3 to V D d + 0.3 


V 


Ouput Withstand Voltage 


V BDS1 


PIBi-PIBa, LPFout 


18.0 


V 


Output Withstand Voltage 


V BDS2 


P0A 2 , POA3 


Vdd +0.3 


V 


High level Output Current 


•oh 


1 pin 


-12 


mA 






All pins 


-20 


mA 


Low Level Output Current 


•OL 


1 pin 


12 


mA 






All pins 


20 


mA 


Operating temperature 


^opt 




-40 to +85 


°C 


Storage temperature 


"""stg 




-55 to +125 


°C 



RECOMMENDED OPERATION CONDITIONS 



CHARACTERISTIC 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


Supply Voltage 


V D D1 


4.5 


5.0 


5.5 


V 


PLL and CPU operations 


Supply Voltage 


VdD2 


3.5 


5.0 


5.5 


V 


PLL stop, CPU operation 


Data Retention Voltage 


Vddr 


2.2 




5.5 


V 


Crystal resonator stop 


Supply Voltage Rise Time 


trise 






500 


ms 


v DD = °- >4 - 5V 


Input Amplitude 


Vin1 


0.5 




Vd D 


Vp.p 


VCOL,VCOH 


input Amplitude 


Vin2 


0.5 




V DD 


Vp.p 


AMIFC, FMIFC 


Output Withstand Voltage 


Vbds 






16.0 


V 


PIBj-PIBs, LPFqut 


Operating Temperature 


T opt 


-40 




+85 


°C 
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DC CHARACTERISTICS (T, = -40 to +85 °C, V DD = 4.5 to 5.5 V) 



CHARACTERISTIC 


SYMBOL 


STANDARD VALUE 


CONDITION 


MIIM. 


TYP. 


MAX. 


UNIT 


Supply Voltage 


V DD1 


4.5 


5.0 


5.5 


V 


CPU and PLL operations 


Supply Voltage 


VDD2 


3.5 


5.0 


5.5 


V 


CPU operation, PLL stop 


Data Retention Voltage 


V DDR1 


3.5 




5.5 


V 


At power failure detection by timer F/F. 
At crystal oscillation. 


Data Retention Voltage 


V DDR2 


2.2 




5.5 


V 


At power failure detection by timer F/F. 
When crystal oscillation is stopped. 


Data Retention Voltage 


V DDR3 


2.0 




5.5 


v 


Data memory (RAM) Retention 


Data Retention Current 


'DDR1 




2 


1 5 


mA 


When crystal oscillation is stopped. T a =25°C 


Data Retention Current 


'DDR2 




2 


10 


ma 


V DD =5.0 V,T a =25°C 


Intermediate Level Output 
Voltage 


^OM1 


2.3 


2.5 


2.7 


V 


COMo, COM"|, Vqd = 5 V 


High Level Input Voltage 


V|H1 


0.8 V DD 




v DD 


V 


P0A -P0A 3 , P0B -P0B 3f P0C -P0C 3 , 
P1A()— PIA3, P1Dq— PID3, CE, INTo, INT1 


High Level Input Voltage 


V|H2 


0.6 Vqd 




Vqd 




PODo— POD3 


Low Level Input Voltage 


V||_ 






0.2 Vdd 




POAq— POA3, POBo— POB3, POCo— P0C 3 , 
POD0-POD3, P1A0-P1A3, PID0-PID3, 
CE, INT , INTi 


High Level Output Current 


'OH1 


-1 .0 


-5.0 




mA 


P0A , POA1 , POBo-POB 3 , POC0-POC3, 
P1 Aq— P1 A 3 , P1Co~ P1C 3 P1Bo, P2Ao 
v OH=V DD -1 V 


High Level Output Current 


'OH2 


-1.0 


-4.0 




mA 


LCDq— LCD29, EOo, EO1 
v OH=V DD -1 V 


Low Level Output Current 


'OL1 


1.0 


7.0 




mA 


POA0-POA3, P0B -P0B 3 , P0Co-P0C 3 , 

P1 A/% D1 An Dir„ D1f>- DID. DTAn 

r 1 MQ — f 1 A3, r 1 KsQ — r 1 O3, ■ 1 "0» "^"0 

V L=1 V 


Low Level Output Current 


"OL2 


1.0 


3.5 




mA 


LCD0-LCD29, EOo, E Ol Vou=1 V 


Low level Output current 


"OL3 


1.0 


2.0 




mA 


P1 Bi— PIB3 Vol=1 V 


Low Level Output Current 


'OL4 


1.0 


10.0 




mA 


P0A 2 , POA3 Vol=1 V 


High Level Input Current 


1 1 HI 


0.1 


0.8 




mA 


At VCOH pull-down. V|h=Vdd 


High Level Input Current 


•lH2 


0.1 


0.8 




mA 


At VCOL pull-down. V|h=Vdd 


High Level Input Current 


>IH3 


0.1 


1.3 




mA 


At X||\| pull-down. V| h = Vdd 


High Level Input Current 


>IH4 


0.05 


0.13 


0.30 


mA 


At POD0-POD3 pull-down. V|h=Vdq 


Output Leakage Current 


I.L1 






500 


nA 


P0A 2 , POA3 V H=V DD 


Output Leakage Current 


"L2 






500 


nA 


P1Bi— PIB3, LPFoUT V H=16V 


Output Leakage Current 


lL3 






±100 


nA 


EOq, EO1 Vqh=VDD, Vql=0 V 
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AC CHARACTERISTICS (T a « -40 to +85 °C, V DD = 4.5 to 5.5 V) 



CHARACTERISTIC 


SYMBOL 


STANDARD VALUE 


CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


Operating Frequency 


W 


0.5 




30 


MHz 


VCOL MF mode 
Sine wave input 
V in = 0.3Vp.p 


Operating Frequency 


fin2 


5 




40 


MHz 


VCOL HF mode 
Sine wave input 
V jn = 0.3 Vp.p 


Operating Frequency 


fin3 


9 




150 


MHz 


VCOH 

Sine wave input 
V in = 0.3 Vp.p 


Operating Frequency 


fin4 


0.1 




1 


MHz 


AMIFC 

Sine wave input 
Vin = 0.3Vp. P 


Operating Frequency 


fjn5 


0.44 




0.46 


MHz 


AMIFC 

Sine wave input 

V- — n ftK \/r> r> 

"in u.uo vp.p 


Operating Frequency 


fin6 


5 




15 


MHz 


FMIFC 

Sine wave input 
V in = 0.3 Vp.p 


Operating Frequency 


*in7 ' 


10.5 




1Q.9 


MHz 


FMIFC 

Sine wave input 
V in = 0.06 Vp.p 


Analog-to Digital Conversion 
Resolution 








6 


bit 




Analog-to-Digital Conversion Total 
Error 






±1 


±1.5 


LSB 


T a = -10 to +50 °C 



REFERENCE CHARACTERISTICS 



CHARACTERISTIC 


SYMBOL 


STANDARD VALUE 


CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


Supply Current 


'DD3 




15 




mA 


CPU and PLL operations 

VCOH sine wave input 

fin = 150 MHz, 

Vj n = 0.5 Vp.p 

VDD = 5 V, T a = 25°C 


High Level Output Current 


IOH4 




-0.2 




m A 


COM , COMi 
V H = Vdd-1 V 


Intermediate Level Output Current 


•OM1 




-20 




MA 


COMo, COM! 
VOM = V DD -1V 


intermediate Level Output Current 


•OM2 




20 




MA 


COMq, COMi 
V 0M = 1 V 


Low Level Output Current 


'OL5 




0.2 




mA 


COM , COMi 
V L=1 V 
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DC PROGRAMMING CHARACTERISTICS (T a = 25 °C, Vdd = 6-0 ±0.25 V, V PP = 12.5 +0.5 V) 



CHARACTERISTIC 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


High Level Input Voltage 


V|H1 


o.7 v D d 




v D d 


V 


Other than CLK 


V|H2 


Vdd-0.5 




Vdd 


V 


CLK 


Low Level Input Voltage 


V|L1 







0.3 v D d 


V 


Other than CLK 


V|L2 







0.4 


V 


CLK 


Input Leakage Current 


«L1 






±10 


ma 


V|N = V|Lor V|H 


High Level Output Voltage 


V H 


Vdd-10 






V 


lOH = -1 rnA 


Low Level Output Voltage 


VOL 






1.0 


V 


lOL = 1 m A 


Vqd Supply Current 


'dd 






30 


mA 




Vpp Supply Current 


Ipp 






30 


mA 


MD0 = V| L , MD1 = V|H 



Note 1 : Be sure to keep Vpp below +1 3.5 V including overshoot. 
2: Be sure to apply Vdd before Vpp and cut it after Vpp. 



AC PROGRAMMING CHARACTERISTICS (T a = 25 °C, V DD = 6.0 ±0.25 V, V PP = 12.5 ±0.5 V) 



CHARACTERISTIC 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


Address Setup Time (*) (vs MD0 l) 


tAS 


2 






MS 




MD1 Setup Time (vs MD0 l) 


*M1S 


2 






MS 




Data Setup Time (vs MD0 i) 


*DS 


2 






MS 




Address Hold Time (*) (vs MD0 t) 


t-AH 


2 






MS 




Data Hold Time (vs MD0 t) 


t DH 


2 






MS 




MD0 t to Data Output Float Delay Time 


t DF 







130 


ns 




Vpp Setup Time (vs MD3 t) 


tVPS 


2 






MS 




Vdd Setup Time (vs MD3 t) 


*VDS 


2 






MS 




Initial Program Pulse Width 


tpw 


0.95 


1.0 


1.05 


ms 




Additional Program Pulse Width 


tOPW 


0.95 




21.0 


ms 




MD0 Setup Time (vs MD1 t) 


t-MOS 


2 






MS 




MD0 I to Data Output Delay Time 


*DV 






1 


MS 


MD0 = MD1 = V| L 


MD1 Hold Time (vs MD0 t) 


*M1H 


2 






MS 


tM1H + *M1R >50 ms 


MD1 Recover Time (vs MD0 i) 


tM1R 


2 






MS 


Program Counter Reset Time 


tPCR 


10 






MS 




CLK Input High/Low Level Width 


tXH-tXL 


0.125 






MS 




CLK Input Frequency 


fx 






4.19 


MHz 




Initial Mode Set Time 


t| 


2 






MS 




MD3 Setup Time (vs MD1 t) 


*M3S 


2 






MS 




MD3 Hold Time (vs MD1 j.) 


tM3H 


2 






MS 




MD3 Setup Time (vs MD0 4) 


*M3SR 


2 






MS 


At program memory read. 


Address (*) to Data Output Delay Time 


*DAD 


2 






MS 


At program memory read. 


Address (*) to Data Output Hold Time 


t-HAD 







130 


ns 


At program memory read. 


MD3 Hold Time (vs MD0 t) 


*M3HR 


2 






MS 


At program memory read. 


MD3 4- to Data Output Float Delay Time 


tDFR 


2 






MS 


At program memory read. 



*: The internal address signal is incremented by one (+1) at the 3rd CLK input fall and is not connected to the pin. 
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PROGRAM MEMORY WRITE TIMING 



V P p 



V D D 



Vpp 
V D D 

Vdd+1 

" Vdd 



1 



-Htp( 



ata input j fr-r j^* output^ () j£ 



w — W 



* *mi rK- -HtMOS 



tDH l DV tDF -HtDSl 



t .T 



tM1S tM1H 




- ( Data input 



PROGRAM MEMORY READ TIMING 



Vpp 



vdd 



Vpp 

vdd — 

vdd+1 
v DD — 



-I 



— - 1 t P 



tXH 

}Wwvww\/v 



Data output 



X 



HR -•-) 



X 



2-130 



NEC 



|xPD17006 



4-BIT SINGLE-CHIP MICROCONTROLLER 

The /uPD17006 is a 4-bit single-chip CMOS microcontroller for use with a digital tuning system. 

The CPU employs 17K architecture which enables to directly operate a data memory by one instruction and to 
control various operations and peripheral hardware. Each instruction is comprised to one 16-bit word. 

The peripheral hardware incorporates a variety of input/output ports, a serial interface, a clock generator port, 
a prescalar for digital tuning, a PLL frequency synthesizer, a timer for remote controlled decoding, etc. 

To cope with the RDS (Radio Data System) various timer functions, interrupt functions and external SRAM 
interface functions are incorporated. 

Thus, a high-performance, multi-functional digital tuning sytem can be constructed. 

The juPD17P006* having an on-chip one-time PROM is also available for mask ROM product, juPD 17006 pro- 
gram evaluation and small production. 

An easy-to-use incircuit emulator (IE-17K) and an assembler (AS17K) are available as /uPD17006 system devel- 
opment tools. 

*: Underdevelopment 
FEATURES 

• 4-bit microcontroller for digital tuning 

• Program memory (ROM): 

24K bytes (12288 x 16 bits) 

• General-purpose data memory (RAM) : 

896 nibbles (896 x 4 bits) 

• Instruction execution time: 

1.78 (when a 4.5 MHz 
crystal oscillator is used.) 

• Stack level: 7 

• A set of 46 easy-to-understand instructions 

• Decimal operation enable 

• 12K-step table reference enable 

• On-chip PLL frequency synthesizer and 150 MHz 
prescalar 

• 12 kinds of reference frequencies can be selected 
using appropriate programs 

• 2-system error output (EOoo, EOqi and EOiq 
systems) 

• On-chip IF counter (AMIFC, FMIFC) 

• On-chip 8-bit serial interface 
2 systems with 3 channels: 

2-wire and 3-wire interfaces 

• On-chip D/A converter: 

9 bits x 3 channels (PWM output) 
Usable as a modulo timer 

• On-chip A/D converter: 8 bits x 6 channels 
Hardware (32 /us) and software conversion 

Notes on Serial interface: 



Also serves as an external event counter. 
Various timer functions 

12-bit modulo timer (remote controlled: 10, 50 /us) 
8-bit module timer (RDS clock synchronization: 

10, 100 /us) 
8-bit modulo timer (general-purpose: 

10, 100, 500, 1000 jus) 
Timer carry (general-purpose: 100 ms) 
Various interrupts 

External interrupt: 2 channels (INT-| , INT2 pins) 
Internal interrupt: 4 channels (timer: 3 channels, 

serial interface: 1 channel) 
Dual-function interrupt: 

2 channels (serial interface: 2 
channels, A/d converter, IF 
counter and timer overflow) 
General-purpose input/output ports 
Input/output port: 48 

Input port: 8 (with 4 on-chip pull-down resistors) 
Output port: 1 1 

On-chip function of parallel interface with the ex- 
ternal SRAM 

On-chip power-ON reset, CE reset and power failure 
detection circuit 
CMOS Low power consumption 
Supply voltage: 5 V ±10 % 
80-pin plastic QFP 
The 2-wire mode corresponds to the l2C-Bus specification from Philips. 
In case of using this interface mode note the following: 



Duties when using I2C bus system 

Purchase of NEC's I2C bus system hardware components conveys a license under the Philips I2C patents rights 
to use this components in an I2C system, provided that the system conforms the I2C standard specifications as 
defined by Philips. 

Consequently for all ROM based components with I2C hardware circuits the user is kindly requested to notify the 
use of the I2C bus interface at the ROM code verification stage. 
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PIN CONFIGURATION (Top View) 











CMOS 


/ CMOS 


Group I/O 


[ Bit I/O 






N-ch open drain J 




Bit I/O 






CMOS 






Bit I/O 




1 CMOS 






J Group I/O 








CMOS 






Group I/O < 




N-ch open drain 
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BLOCK DIRAGRAM 



VCOH 
VCOL 



^ 2 > 



(Swallow | I 
Counter | 



X|N1 ( 
XOUT1 ( 



P0AQ/SO1 C 
P0M/SCK1 C 
P0A2/SCL C 
POA3/SDA c 
POB0/SI2 c 
P0B1/SO2 C 
P0B2/SCK2 C 
P0B3/SH C 



POCO C 
P0C1 C 
P0C2 C 
P0C3 C 

PODO C 
P0D1 C 
POD 2 C 
POD 3 C 

PIA0/RAMD4 C 
PIA1/RAMD5 C 
P1A2/RAMD6C 
P1 A3/RAMD7 C 

P1C0 C 
P1C1 c 

P2A0/RAMD0 C 
P2A1/RAMD1 C 
P2A2/RAMD2 C 
P2A3/RAMD3 C 

P2B0 C 
P2B1 C 
P2B2 C 
P2B3 C 

P2Co C 
P2C1 C 
P2C2 C 
P2C3 C 

P2D0/RAMA4 C 
P2D1/RAMA5 C 
P2D2/RAMA6 C 
P2D3/RAMA7 C 

P3A0/RAMA0 C 
P3A1/RAMA1 C 
P3A2/RAMA2 C 
P3A3/RAMA3 C 



Serial /-\ 

I/O vv 








wl 



RAM 
896 x 4 bits 



Instruction 
Decoder 



3T 



1 1 

ji^n — 0E010 



/I ROM 

12288 x 16 bits 



Program Counter 



H 



□Stack 
7 x 14 bits 



□ External RAM 
Controller 



\r Co 



12 -lo^-L. O 



D/A 
Converter 



A/D 
Converter 



\ Interrupt 
y Control 



-O P1D2/AMIFC 



) pidi/tmin 
) P1D0/FCG 



> pibi/pwmo 

> PIB2/PWM1 

> PIB3/PWM2 



> ADCO 
) ADC1 
) P3B0/ADC2 
) P3B1/ADC3 
) P3B2/ADC4 
) P3B3/ADC5 



) P3Co 
) P3C1 
) P3C2 
) P3C3 

) P3D2/RAMOE 
) P3D3/RAMWE 



-O P4A3/RAMA8 



) INTO 
> INT1 

) V D D 
5 CE 
) GND 
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SINGLE-CHIP MICROCONTROLLER 

The AtPD17P006 is a 4-bit single-chip CMOS microcontroller for use with a digital tuning system. 

The CPU employs 17K architecture which enables to directly operate a data memory by one instruction and 
to control various operations and peripheral hardware. Each instruction is comprised of one 16-bit word. 

The peripheral hardware incorporates a variety of input/output ports, a serial interface, a clock generator port, 
a prescalar for digital tuning, a PLL frequency synthesizer, a timer for remote controlled decoding, etc. 

To cope with the RDS (Radio Data System) various timer functions, interrupt functions and external SRAM 
interface functions are incorporated. 

Thus, a high-performance, multi-functional digital tuning system can be constructed. 

The juPD17P006 has an on-chip one-time PROM, making it useful for mask ROM product /uPD1 7006* program 
evaluation and small production. 

An easy-to-use incircuit emulator (IE-17K) and an assembler (AS17K) are available as /L/PD17P006 system devel- 
opment tools. 

*: Underdevelopment 
FEATURES 

• 4-bit microcontroller for digital tuning 

• Program memory (OTPROM): 

24K bytes (12288 x 16 bits) 

• General-purpose data memory (RAM): 

896 nibbles (896 x 4 bits) 

• Instruction execution time: 1.78 ^s 

(when a 4.5 MHz crystal oscillator is used.) 

• Stack level: 7 

• A set of 46 easy-to-understand instructions 

• Decimal operation enable 

• 12K-step table reference enable 

• On-chip PLL frequency synthesizer and 150 MHz 
prescalar 

• 12 kinds of reference frequencies can be selected 
using appropriate programs 

• 2-system error output (EOqo, EOni a nd EO10 
systems) 

• On-chip IF counter (AMIFC, FMIFC) 

• On-chip 8-bit serial interface 
2 systems with 3 channels: 2-wire and 3-wire 



• On-chip D/A converter: 

9 bits x 3 channels (PWM output) 
Usable as a modulo timer 

• On-chip A/D converter: 8 bits x 6 channels 
Hardware (32 Ats) and software conversion 
Also serves as an external event counter. 

• Various timer functions 

12-bit modulo timer (remote controlled: 10, 50 fis) 
8-bit modulo timer (RDS clock syncronization: 
10,100 ms) 

8-bit modulo timer (general-purpose: 

10, 100, 500, 1000 jus) 
Timer carry (general-purpose: 100 ms) 

• Various interrupts 

External interrupt: 2 channels (INT-| , INT2 pins) 
Internal interrupt: 4 channels (timer: 3 channels, 

serial interface: 1 channel) 
Dual-function interrupt: 2 channels 

(serial interface: 2 channels, A/D converter, 
IF counter and timer overflow) 
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• General-purpose input/output ports 
Input/output port: 42 

Input port: 8 (with 4 on-chip pull-down resistors) 
Output port: 11 

• On-chip function of parallel interface with the 
external SRAM 



« On-chip power-ON reset, CE reset and power failure 
detection circuit 

• CMOS low power consumption 

• Supply voltage: 5V±10% 

• 80-pin plastic QFP 



PIN CONFIGURATION (Top View) 
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4-BIT SINGLE-CHIP MICROCONTROLLER 

The U.PD17010 is a 4-bit single-chip microcontroller for digital tunign system which incorporates the sprecaler 
operational up to 150 MHz, PLL frequency synthesizer, LCD driver, and IF counter. 

Since the CPU has no accumulator and adopts 17K architecture which may control the data memory directly, you 
can perform very effecient programming. It is necessary to be noted that any instruction is 16-bit length 1 word. 

PLL frequency synthesizer can operate in pulse swallow system and select such high frequency as 50 or 100 kHz, 
which makes it much easier to configure a high-performance tuner. Since it also incorporates 16-bit frequency 
counter, you can use it for the detection of broadcast by counting the intermediate frequency of a tuner. 

IE-17K (incircuit emulator) and AS17K (assembler) are available as well, which are easy-to-use as the tools of 
U.PD1 701 system development. 

Since One-Time PROM version, U.PD17P010: is available as well, it is recommendable for the system evaluation 
when developing the system of U.PD17010 and for its small production. 
* : Under development 



FEATURES 

• 4-bit single-chip microcontroller for digital tuning 
system 

• Program memory (ROM) 

' ,uPD17010: 7932 x 16 bits 

• Data memory (RAM) 

• jitPD17010: 432 x 4 bits 

• Stack level: 9 

• Perceptible 35 types of instruction set 

• Decimal operational 

• Instruction execution time: 4.44 /is 

(when connecting a 4.5 MHz crystal resonator) 

• On-chip PLL frequency synthesizer and 150 MHz 
prescaler 

• 12 types of reference frequency selectable by 
program 

• On-chip LCD driver (1/2 bias, 1/2 duty, frame 
frequency: 250 Hz) 

• On-chip IF counter (AMIFC, FMIFC) 



• On-chip 8-bit serial interface (2 systems 3 channels: 
3-wire and 2-wire) 

• On-chip 12-bit timer modulo counter 

• On-chip 8-bit D/A converter: 3 outputs (PWM) 

• On-chip 6-bit A/D converter: 6 inputs 

• On-chip service interruption detector and power-on 
reset circuit 

• Interrupt (external: 2 systems, internal: 4 systems) 

• Various I/O ports available (33 ports (+ 30 ports: 
segment pins)) 

• On-chip CGP (Clock Generator Port) 

• 5V±10% 

• CMOS low power consumption 

• 80-pin plastic QFP 



Notes on Serial interface: 

The 2-wire mode corresponds to the l2C-Bus specification from Philips. 
In case of using this interface mode note the following: 



Duties when using I2C bus system 

Purchase of NEC's I2C bus system hardware components conveys a license under the Philips I2C patents rights 
to use this components in an I2C system, provided that the system conforms the I2C standard specifications as 
defined by Philips. 

Consequently for all ROM based components with I2C hardware circuits the user is kindly requested to notify the 
use of the I2C bus interface at the ROM code verification stage. 
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PIN CONFIGURATION (Top View) 



X. V. X. ^ ^ ^ ^ V ^ V 

Q o . S ^ 5 5 £ ? ? £ 5 § ? 

Q Q Q Q o O o O O o - - - « 



CL (X Q_ Q_ 



aoQQQQQQQQQQQQQQ 
oooooouuouoooooo 

Q_ DL CL Q. CL Q. _l -J _J _J _l _] _J I J | 

ooooooooooogoogo 



P0C1 o 
POCo o 
P0A3/SDA O* 
P0A2/SCL O 
P0A1/SCK1 O* 
PO AO/S0 1 O- 
P0B 3 /Sh CK 
P0B2/SCK2 CK 



P0B1/SO2 O 
P0B0/SI2 O 
INT1 O- 



P1A3 O* 
P1 A2 O* 
P1A1 O* 
P1 AO/FCG O- 
P1 B3/PWM2 O- 
P1B2/PWM1 O- 
P1B1/PWM0 O- 
P1 BQ/CGP O- 



P1C3 O 
P1C2 O* 
P1C1 O 



I 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 ( 

o ! 



25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 



T 



66666666666666 66 



U. u o □ 



2 2 

Q Q 
CL 51 



< < > > > 



-O LCD10/POY10/KS10 
-HD LCD11/POY11/KS11 
-O LCD-I2/P0Y12/KS12 
-HD LCD13/P0Y13/KS13 
-HD LCD14/P0Y14/KS14 
-HD LCD15/P0Y15/KS15 
-O LCD16/P0X0 
-hD LCD17/P0X1 
-HD LCD18/P0X2 
-K3 LCD19/P0X3 
-HD LCD20/P0X4 
-HD LCD21/P0X5 
■*0 LCD22/P0E0 
-HD LCD23/P0E1 
-O LCD24/P0E2 
-HD LCD25/POE3 
-HD LCD26/P0F0 
-hD LCD27/P0F1 
-hD LCD28/P0F2 
-HD LCD29/P0F3 



-HD COM0 
-HD COMi 
*0 P2A0 
-O VDD2 



2-140 



NEC 



|LtPD17010 



BLOCK DIAGRAM 
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FUNCTION LIST 



Product Name 


MPD17010 | MPD17P010 


ROM 


7932 x 16 bits 


RAM 


432 x 4 bits 


System register 


12x4 bits 


Register file 


41 x 4 bits 


Port register 


7x4 bits 


Port 


Input/output port : 16 ports 
Input port i 8 ports 

Output port : 9 ports (+30 ports: Segment pins) 


Serial interface 


• 2 systems, 3 channels 8 bits, 3-wire and 2-wire 


Interrupt 


• 6 channels 

External interrupt : 2 channels 
Internal interrupt : 4 channels 


Timer 


Timer carry (1 ms, 5 ms, 100 ms, 250 ms) 
Timer interrupt (1 ms, 5 ms, 100 ms, 250 ms) 
12-bit timer modulo counter (10 ms, 1 1 .1 MS, 333.3 ms, 1 ms) 


Standby function 


• STOP, HALT 


Power supply voltage 


V DD = 5V±10% 


Package 


80-pin plastic QFP 
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4-BIT SINGLE-CHIP MICROCONTROLLER 

p.PD1 7P01 is the 4-bit single-chip microcontroller for digital tuning system which incorporates the prescaler operational 
up to 150 MHz, PLL frequency synthesizer, LCD driver, and IF counter. 

Since the CPU has no any accumulator and adopts 1 7K architecture which can control the data memory directly, you can 
perform very efficient programming. It is necessary to be noted that any instruction is 16-bit length 1 word. 

PLL frequency synthesizer can operate in pulse swallow system and select such high frequency as 50 or 1 00 kHz, which 
makes it much easier to configure a high performance tuner. Since it also incorporates 1 6-bit frequency counter, you can use 
it for the detection of broadcast by counting the intermediate frequency of a tuner. 

IE-1 7K (incircuit emulator) and AS1 7K (assembler) are available, which are easy-to-use as the tools of jiPD1 7P01 system 
development. 

Since it incorporates One-Time PROM, it is useful for the system evaluation when developing the system of nPD17010*, 
and for small production. 

* : Under development. 



FEATURES 

• 4-bit single chip microcontroller for digital tuning 
system 

• Program memory (One-Time PROM): 
7932 x 16 bits 

• Data memory (RAM): 432 x 16 bits 

• Stack level: 9 

• Perceptible 35 types of instruction set 

• Decimal operational 

• Instruction execution time: 4.44 \is (when connecting 
a 4.5 MHz crystal resonator) 

• On-chip PLL frequency synthesizer and 150 MHz 
prescaler 

• 12 types of reference frequency selectable by pro- 
gram 

• On-chip LCD driver (1/2 bias, 1/2 duty, frame 
frequency: 250 MHz) 

• On-chip 8-bit serial interface (2 systems 3 chan- 
nels: 3-wire and 2-wire) 

• 12-bit timer modulo counter 

• On-chip 8-bit D/A converter: 3 outputs (PWM) 

• On-chip 6-bit A/D converter: 6 inputs 



• On-chip service interruption detector and power- 
on reset circuit 

• Interrupt (external: 2 systems, internal: 4 systems) 

• Various I/O ports available (33 ports (+30 ports: 
Segment pins)) 

• On-chip CGP (Clock Generator Port) 

• 5 V ±10 % 

• CMOS low power consumption 

• 80-pin plastic QFP 
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PIN CONFIGURATION (TOP VIEW) 
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BLOCK DIAGRAM 
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FUNCTION LIST 



Product Name 


MPD17010 | juPD17P010 


ROM 


7932 x 16 bits 


RAM 


432 x 4 bits 


System register 


12x4 bits 


Register file 


41 x 4 bits 


Port register 


7x4bits 


Port 


Input/output port : 16 ports 
Input port : 8 ports 

Output port : 9 ports (+30 ports: Segment pins) 


Serial interface 


• 2 systems, 3 channels 8 bits, 3-wire and 2-wire 


Interrupt 


• 6 channels 

External interrupt : 2 channels 
Internal interrupt : 4 channels 


Timer 


Timer carry (1 ms, 5 ms, 100 ms, 250 ms) 
Timer interrupt (1 ms, 5 ms, 100 ms, 250 ms) 
12-bit timer modulo counter (10 ms, 1 1 .1 A<s, 333.3 ps, 1 ms) 


Standby function 


• STOP, HALT 


Power supply voltage 


V DD = 5V±10% 


Package 


80-pin plastic QFP 
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SINGLE CHIP MICROCOMPUTER FOR 
PLL FREQUENCY SYNTHESIZER 
BUILT-IN IMAGE DISPLAY CONTROLLER 

/xPD17002 is a 4 bits CMOS microcomputer for digital tuning system in single chip incorporating an Image Dis- 
play Controller with various kinds of display capability and a PLL frequency synthesizer. 

CPU has 4-bit parallel addition and substruction instructions, logical operation instructions, bit test instructions, 
carry F/F set and reset instructions, interrupt function, and timer function. Built-in user programable IDC (Image 
Display Controller) controls various kinds of display with easy program. This IC is made of 48 pin plastic shrink 
DIP (Dual In-Line Package) provided with plentiful I/O (Input/Output) ports controlled by effective input/output 
instructions, serial interface function, 4 bits A/D converter and 6 bits PWM output. 



NEC 



FEATURES 

• 4 bits microcomputer for digital tuning system 

• built-in PLL frequency synthesizer 
using prescaler: /iPB568 

• single power supply (5 V ±10 %) 

• CMOS with low power consumption 

• instruction execution time: 2 jits (with 8 MHz crystal connected) 

• IDC (Image Display controller) built-in (user programable) 



program memory (ROM): 8 K byte (16 bits x 3 968 steps) 
data memory (RAM): 4 bits x 336 words 
stack level: 6 

35 types of understandable instruction 
capable of decimal arithmetic 



number of display character 
display location 
number of character types 
character format 
character color 
character size 



97 characters (max. in one screen) 
12 lines x 16 columns 
120 types 

10 x 15 dots (capable of fringe function) 
8 colors 

4 types of setting is available independently both for line and column 
(14, 28, 42, 56H) 

built-in 8 bits serial interface (1 system 2 channel: 3 wire and 2 wire system) 

built-in D/A converter: 6 bits x 4 (PWM output) 

built-in A/D converter: 4 bits x 6 

built-in H. Sync, signal counter 

built-in commercial power supply frequency counter 

built-in power-up detection circuit and power-on-reset circuit 

interrupt input for remote control signal (with noise canceller) 



• plentiful I/O ports 



input output port 
input port 
output port 



15 
4 
8 



ORDERING INFORMATION 



Order Code Package 

MPD17002CU-XXX 48-pin plastic shrink DIP (600 mil) 

Notes on Serial interface: The 2-wire mode corresponds to the l2C-Bus specification from Philips. 

In case of using this interface mode note the following: 

Duties when using I2C bus system 

Purchase of NEC's I2C bus system hardware components conveys a license under the Philips I2C patents rights 
to use this components in an I2C system, provided that the system conforms the I2C standard specifications as 
defined by Philips. 

Consequently for all ROM based components with I2C hardware circuits the user is kindly requested to notify the 
use of the I2C bus interface at the ROM code verification stage. 
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PIN CONNECTION (Top View) 
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BLOCK DIAGRAM 
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PIN DESCRIPTION 



PIN 
No. 


SYMBOL 


PIN NAME 


FUNCTION 


OUTPUT TYPE 


1 

to 
4 


P0C 3 
to 

P0C 


PORT OC 


4 bit output port. Latch for Port OC is locat- 
ed at 72H address of BANK or BANK 2 of 
data memory (RAM). 
Output status is unconstant at the initial 
power-on (Vqd)- 


CMOS 
push-pull 


5 
6 
7 
8 


POD3/ADC5 
POD2/ADG4 

POD^ADCa 
P0D /ADC 2 


Port OD 


4 bit input port. These ports can be used also 
as A/D converter. When used as port, pull- 
down resistor (100 kf2 TYP.) is connected. 
The built-in 4-bit A/D converters employ the 
successive approximation method. 
The A/D converter reference voltage is Vqd- 
Latch for Port OD is located at 73H address 
of BANK or BANK 2 of data memory 
(RAM). 


Input with 
pull-down 
resister 


9 
to 
12 


PWM3 

to 
PWMo 


D/A 
converter 


VDP (Variable Duty Port) or output port. 
VDP function is to output the pulse of 
15.625 kHz frequency sequently. 
The pulse duty is variable by 66-step program. 


N-ch 
open-drain 


13 


v DD 


Power 
Supply 


Device power supply pin. This pin supplies 
5 V ±10 % while the device is operating with 
full functions. When only CPU operates (PLL 
and IDC stop), 4.0 to 5.5 V is supplied. This 
voltage can be dropped to 2.5 V to hold the 
internal data memory (RAM) with a STOP 
instruction. When the voltage applied to this 
pin changes from to 4.0 V, the device is 
reset and the program starts from address 
because the jiiPDI 7002 has a power-on reset 
circuit. To operate power-on reset circuit 
normally, the rising time (0-*4.0 V) should 
be within 500 ms. 


- 


14 


vco 


Local Oscillator 
Signal Input 


Input the output of VCO (Voltage Controlled 
Oscillator) after frequency division by the 
juPB568 prescaler, that is the output of the 
prescaler. /2PB568 is a Two-Modulus prescaler 
with division ratio (1 GHz MAX.). 


Input 
(self-bias) 
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PIN 
No. 


SYMBOL 


PIN NAME 


FUNCTION 


OUTPUT TYPE 


15 


EO 


Error Output 


PLL error output pin. 

If the frequency obtained by dividing the oscil- 
lation output of VCO is higher than the refer- 
ence frequency, high level is output from this 
pin. Otherwise, low level is output. A floating 
condition results if the two frequencies are 
identical. The output is supplied through the 
LPF (Low Pass Filter) to the varacter diodes 
that form the VCO (Voltage Controlled Oscil- 
lator) as a tuning voltage. 


CMOS 
3-state 


16 
25 


GND 


Ground 


Device ground pin. 

Both pins should be connected to the ground. 




17 


PSC 


Pulse Swallowing 
Control Output 


Pin used to output a frequency division ratio 
switching signal to the /xPD568. 
Connected directly to the PSC pin of the 
juPB568. The ratios are 1/128 and 1/136 (or 
1/64 and 1/68). 


CMOS 
push-pull 


18 


CE 


Chip Enable 


Device selection signal input pin. 
This pin must be high level to enable the de- 
vice and low level to disable the device. When 
a STOP instruction in the program is executed 
while the CE pin is low level, the internal 
clock generator and CPU stop, and the memo- 
ry can enter the hold state requiring low power 
consumption. 

STOP instruction is effective only when CE 
pin is low level, and when high level, works as 
same as NOP instruction. When CE pin goes 
to the high level from the low level, the device 
is reset and the program starts from address. 
When the device is reset, BANK turns and 
I/O port enters the input mode. 


Input 


19 
20 


X OUT 
X IN 


X'tal 


Crystal oscillator connector pin. 
Connect a 8 MHz crystal resonator to this 
pin. 


CMOS 
push-pull (Xqut) 
Input (X| N ) 


21 
to 
24 


P1A 3 
to 

P1A0 


Port 1A 


4-bit output port. Latch for this port is locat- 
ed at 70H address of e BANK 1 in the data 
memory (RAM). This pin is N-channel open 
drain type. 

(Breakdown Voltage: 12.5 V) 
(Sink Current: 20 mA TYP.) 


N-ch 
open-drain 
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PIN 

No, 


SYMBOL 


PIN NAME 


FUNCTION 


OUTPUT TYPE 


26 
to 
29 


P1B 3 

to 
P1B 


Port IB 


4-bit input output port. The input or output 
state of each bit can be specified in these ports. 
The input and output are set by the P1BBIO 
word (35H) in the resistor file. Latch for 
these ports are located at 71 H address of 
BANK 1 in the data memory (RAM). 


CMOS 
push-pull 
(I/O) 


30 
31 
32 


RED 
GREEN 
BLUE 


Character 

Qinrv&l Hi itni it 
Oiyilal VyULJJUL 


Character data output pins for R. G. B. Active 
high output 


CMOS 
push-pull 


33 


BLANK 


Blanking 
Signal Output 


Blanking signal output pin to cut video signal. 
(Active high output) 


CMOS 
push-pull 


34 


H SYNC 


H. Sync Signal 
Input 


H. Sync, signal input pin for IDC 
(Active low input) 


Input 


35 


V SYNC 


V. Sync. Signal 
Input 


V. Sync, signal input pin for IDC (Active low 
input). This signal can be used for interrup- 
tion. 


Input 


36 
37 
38 


PIC3/ADC1 
P1C 2 
P1Ci 


PortIC 


3-bit input output port or A/D converter pin. 
The input or output state of each 3-bit can 
be set in these ports. The input and output 
are specified by the P1CGIO bit (#0 bit of 
27H) in the resistor file. When used as A/D 
converter, input should be specified. Latch 
for this port is allocated at 72H address of 
BANK 1 in the data memory (RAM). 
Port 1C enters into input at initial power-on 
(VddK or at clock stop time or at reset time. 
(CEpin: Low-* High) 


CMOS 
push-pull 
(I/O) 


39 


ADC 


AD Conversion 


The A/D converter input pin. The built-in 
4-bit A/D converters employ the successive 
approximation method. 
The A/D converter reference voltage is Vqd- 


Input 


40 
41 
42 
43 


POB3/HSCNT 
P0B 2 /TMIN 
POBt 
POBq/SI 


Port OB 


4-bit input output ports. The input or output 
state of each bit can be specified in these ports. 
The input and output are set by the P0BBIO 
word (36H) in the resistor file. Latch for 
these ports are located at 71 H address of 
BANK or BANK 2 in the data memory 
(RAM). POB2/TMIN can be used also as an 
external timer input. 

Interruption starts by the 1/5 or 1/6 of the 
frequency input to this pin. 


CMOS 
push-pull 
(I/O) 

However 
POB3/HSCNT is 
self biased 
at input. 
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PIN 
No 


SYMBOL 


PIN NAME 


FUNCTION 


OUTPUT TYPE 








Usually commercial power supply frequency 










is input to this pin, and used as reference clock 


CMOS 
push-pull 
(I/O) 

However 
POB3/HSCNT is 
self biased 
at input. 


40 
41 
42 
43 


POB3/HSCNT 
P0B 2 /TMIN 
POBt 
POBq/SI 


ron Ud 


for timer. 

POBq/SI pin can be used also as a serial inter- 
face (//COM standard mode) data input pin. 
POB3/HSCNT pin can be used also as a H. 
sync, signal counter input pin. Therefore this 
pin is self biased (Vqd/2) at any time. Port 








OB turns input at the initial power-on (N/qd) 
or at clock stop time or at reset time (CE pin: 








Low - *High). 










4-bit input output port. The input or output 










state of each bit can be specified in these 










ports. The input and output are set by the 


POA3/SO 








P0ABIO word (37H) in the resistor file. 


POA2/SCK 








Latch for these ports are located at 70H 










address of BANK or BANK 2 in the data- 


CMOS 


44 


POA3/SO 




memory (RAM). 


push-pull 


45 


POA2/SCK 


Port OA 


POA3/SO pin can be used also as a serial inter- 


(I/O) 




pn a . /cpi 

rUA-j /0L.L 


face (/zCOM standard mode) data output pin. 




47 


Df\ A - /c r» A 




POA2/SCK pin can be used also as a shift 
clock input output pin. 

POAq/SDA pin can be used as a serial interface 
(two wire mode and juCOM standard mode) 


Of\ A A /CP 1 

rUA1/SCL 
rUArj/bDA 

N-ch 








data input output pin. 

POA1/SCL pin can be used as a shift clock 


open-drain 
(I/O) 








input output pin. 








Interrupt request signal input pin with noise 










canceller. This pin makes programming easy 










for a noisy signal such as a remote control 










signal. Program decides if interruption starts 








Interrupt 


at rising time or at falling time of input signal 




48 


INT NC 


Request Signal 
Input 


into this pin. IEDG1 flag reset enters into 
interruption at rising time. IEDG1 flag set 
enters into interruption at falling time. At 
reset time (CE pin: Low-*High), IEDG1 flag 
is reset and interruption starts at the rising 
edge. 


Input 
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INPUT/OUTPUT CIRCUITS 

POA (POA3/SO, POA2/SCK) 
POB (POB^POBo/SI) 
P1B (PIB3, P1B 2 , P1B 1f P1B ) 
P1C (PICa/ADC^ PI 02^10!) 




POA (POAi/SCL, POAq/SDA) 





POC (P0C 3 , P0C 2 , POCi , POCo) 
RED, GREEN, BLUE, BLANK, PSC 



OUTO- 
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PWM (PWM 3 , PWM 2 , PWIVh, PWM ) 
P1A (P1A 3 ,P1A 2 ,P1A 1 ,P1Ao) 



POD (POD3/ADC5, POD2/ADC4, POD1/ADC3, POD0/ADC2) 



3h 



HE 
HE 



(High ON Register) 



AD 



POB3/HSCNT 



fit 



r4" 

in poi 



HI 




HSCNT 
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P0B 2 /TMIN 
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X| N 



x OUT 



EO 



VCO 
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ELECTRICAL CHARACTERISTICS (TARGET SPEC) 



ABSOLUTE MAXIMUM RATINGS 



CHARACTERISTICS 


SYMBOL 


RATING 


UNIT 


Supply Voltage 


v DD 


-0.3 to +6.0 


V 


Input Voltage 


V| 


-0.3 to V DD 


V 


Output Voltage 


V 


-0.3 to V DD 


V 


Output Sink Current 


lo 


10 (except P1A) 


mA 


Output Breakdown Voltage 


Vbds 


13 (P1A, PWM) 


V 


Operating Temperature 


T a 


-20 to +70 


°C 


Storage Temperature 


Vstg 


-55 to +125 


°C 



RECOMMENDED OPERATING CONDITIONS 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


Supply Voltage 


Vddi 


4.5 


5.0 


5.5 


V 


All functions operate (CPU, PLL, 
IDC) 


Supply Voltage 


Vdd2 


4.0 


5.0 


5.5 


V 


Only CPU operates 


Data Retention 
Voltage 


V D r 


3.0 




5.5 


V 


Crystal oscillation stopped 


Output Breakdown 
Voltage 


Vbds 






12.5 


V 


P1A, PWM 


Supply Voltage 
Rising Time 


Vise 






500 


ms 


V DD : 0-+4.0 V 
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DC CHARACTERISTICS <T a - -20 to +70 °C, V DD = 4.5 to 5.5 V) 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


Supply Current 


•ddi 




8 




mA 


(T a =25 °C) 


Supply Current 


•dD2 




1 




mA 


Only CPU operates (T a =25 °C) 


High Level 
Input Voltage 


V,H1 


0.7 V DD 






V 


P0A, P0B, POD, P1B, P1C 


High Level 
Input Voltage 


V IH2 


0.8 Vqq 






V 


CE, INTnc, Vsync h SYNC 


Low Level 
Input Voltage 


V|L1 






0.3 V DD 


V 


P0A, P0B, POD, P1B, P1C 


Low Level 
Input Voltage 


VlL2 






0.2 V DD 


V 


CE, INTnc V S ynC' H SY nc 


High Level 
Output Current 


•oh 




-2 


-1 


mA 


P0A 2 , P0A 3 , P0B, P0C, P1B, P1C, 
RED, GREEN, BLUE, BLANK 

v OH V DD 1 v 


Low Level 
Output Current 


>OL1 


1 


2 




mA 


P0A, P0B,P0C,P1B, P1C, RED, 
GREEN, BLUE, BLANK, PWM 
Vol = 1 V 


Low Level 
Output Current 


•OL2 


15 


20 




mA 


P1 A, V l=1 V 


High Level 
Input Current 


llH 


100 






MA 


VCO, X| N , V,=V DD =4.5 V 


Data Retention 
Current 


•dr 






10 


HA 


Crystal oscillation stopped 
(T a =25°C) 


Output Leakage 
Current 


• l 






1 


MA 


P0A , POA1, P1 A, PWM, EO, 
V, H =5V 


AC CHARACTERISTICS (T a = -20 to +70 °C, V DD = 4.5 to 5.5 V) 


CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


Input Frequency 


f TMR 


50 




60 


Hz 


POB 2 /TMIN 


Input Frequency 


f HS 


10 




20 


kHz 


POB3/HSCNT 


IDC Jitter 


idc g 




4 


6 


ns 




IDC H. SYNC 
Start Position 


IDC H p 




16.25 




jUS 


from last edge of H. SYNC 


IDC I. SYNC 
Start Position 


IDC V p 




17 




H 


from last edge of V. SYNC 


Operating Frequency 


fin 






15 


MHz 


VCO (V,=0.6 Vp.p, SIN WAVE) 


A/D CONVERTER CHARACTERISTICS (T a = -20 to +70 °C, V DD = 4.5 to 5.5 V) 


CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


A/D Conversion 
Absolute Accuracy 




±1/2 




±1 


LSB 


T a =-10to+50°C 


Input Impedance 




1 






M£2 
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Instruction Table 



bi4 bi3 b 12 b-n 


bis 





1 








ADD r, m 


ADD m, #i 


1 


1 


SUB r, m 


SUB m,#i 


1 


2 


ADDC r, m 


ADDC m, #i 


1 1 


3 


SUBC r, m 


SUBC m, #i 


10 


4 


AND r, m 


AND m, #i 


1 1 


5 


XOR r, m 


XOR m, #i 


1 1 


6 


OR r, m 


OR m,#i 


1 1 1 


7 


INC AR 

INC IX 

MOVT DBF, @AR 

BR @AR 

CALL @AR 

RET 

RETSK 

El 

Dl 

RETI 

PUSH AR 
POP AR 
GET DBF, p 

PI IT n r»RP 
rU 1 p, UDr 

PEEK WR, rf 
POKE rf, WR 
RORC r 
STOP 
HALT h 
NOP 




1 


8 


LD r, m 


ST m, r 


1 1 


9 


SKE m,#i 


SKGE m, #i 


10 10 


A 


MOV @r, m 


MOV m, @r 


1 1 1 


B 


SKNE m, #i 


SKLT m, #i 


1 1 


C 


BR addr (page 0) 


CALL addr (pageO) 


1 1 1 


D 


BR addr (page 1) 


MOV m, #i 


1110 


E 




SKT m,#n 


1 1 1 1 


F 




SKF m,#n 
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Instructions 

NOTE 
M 



m H 



RP 
RF 
rf 

rf H 

rfL 
AR 
IX 

IXE 
DBF 
WR 
MP 

MPE 



One of Data memory specified by [(BANK), m] 
Data memory address specified by [m|-|, rri[_] of 
each bank 

Data memory address high (Row address); 3 bits 
Data memory address low (Column address); 4 
bits 

One of General register specified by [(RP), r] 

General register address low; 4 bits 

General register pointer 

One of register file specified by rf 

Register file address specified by [rf h, rf U 

Register file address high 

Register file address low 

Address register 

Index register 

Index enable flag 

Data buffer 

Window register 

Memory pointer 

Memory pointer enable flag 



PE 
P 

PH 

PL 
PC 
SP 

STACK 

STACKp C 

BANK 

(ROM)p C 

INTEF 

SGR 



addr 

CY 

c 

b 

h 

[ ] 
( ) 



Peripheral 
Peripheral address 
Peripheral address high 
Peripheral address low 
Program memory counter 
Stack pointer 

Stack of (PC), (BANK), (IXE) 
Stack of (PC) 
Bank register 

One of Program memory data specified by (PC) 

Interrupt enable flag 

Program memory segment register 

Immediate data; 4 bits 

Bit position; 4 bits 

One of program memory address; 1 1 bits 

Carry flag 

Carry 

Borrow 

Halt release conditions 
Address of M, R, RF 

Contents of M, R, RF, AR, IX, DBF, WR, PE 





Mnemo- 
nic 








Machine code 




Operand 


Function 


Operation 


Op. 
code 






ADD 


r, m 


Add Data memory to General 
register 


(R),(CY)«-(R) + (M) 


00000 


m H 


m L 


r 




m, #i 


Add immediate data to Data 
memory 


(M), (CY) ■*- (M) + i 


10000 


m H 


m L 




addition 


ADDC 


r, m 


Add Data memory to General 
register with carry 


(R),(CY)«-(R) + (M) + (CY) 


00010 


m H 


m L 


r 


<i 


m, #i 


Add immediate data to Data 
memory with carry 


(M). (CY) *- (M) + i + (CY) 


10010 


mn 


m L 






INC 


AR 


Increment Address register 


(AR)^(AR) + 1 


00111 


000 


1001 


0000 




IX 


Increment Index register 


(IX)<-(IX) + 1 


001 1 1 


000 


1000 


0000 




SUB 


r, m 


Subtract Data memory from 
General register 


(R), (CY) «- (R) — (M) 


00001 


m H 


m L 




action 


m, #i 


Subtract immediate data from 
Data memory 


(M), (CY) ■*- (M) — i 


10001 


m H 


m L 


i 


Subtn 


SUBC 


r, m 


Subtract Data memory from 
General register with borrow 


(R), (CY) <- (R) — (M) — (CY) 


10011 


m H 


m L 


r 




m, #i 


Subtract immediate data from 
Data memory 


(M), (CY) «- (M) - i - (CY) 


10011 


m H 


m L 






SKE 


m, #i 


Skip if Data memory equals 
immediate data 


(M) — i & skip if zero 


01001 


m H 


m L 




uosue< 


SKGE 


m, #! 


Skip if Data memory is greater 
than or equal to immediate data 


(M) — i & skip if not borrow 


11001 


mn 


m L 




Comp 


SKLT 


m, #i 


Skip if Data memory is less than 
immediate data 


(M) — i & skip if borrow 


11011 


m H 


m L 






SKNE 


m, #i 


Skip if Data memory not equal 
immediate data 


(M) — i & skip if not zero 


01011 


mn 


m L 
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Mnemo- 
nic 


Operand 


Function 


Operation 


Machine code 


Op. 
code 




Logical operation 


AND 


m, #i 


Logic AND of Data memory 
and immediate data 


(M) «- (M) AND i 


10100 


mH 


m L 


i 


r, m 


Logic AND of General register 
and Data memory 


(R) <- (R) AND (M) 


00100 


m H 


m L 


r 


OR 


m, #i 


Logic OR of Data memory and 
immediate data 


(M) <- (M) OR i 


10110 


m H 


m L 


i 


r, m 


Logic OR of General register 
and Data memory 


(R)«-(R) OR (M) 


00110 


m H 


m L 




XOR 


m, #i 


Exclusive Logic OR of Data 
memory and immediate data 


(M) «- (M) XOR i 


10101 


m H 


m L 


i 


r, m 


Exclusive Logic OR of General 
register and Data memory 


(R)<-(R) XOR <M) 


00101 


m H 


m L 


r 


Transfer 


LD 




Load Data memory to General 
register 


(R) ■*- (M) 


01000 


m H 


m L 


r 


ST 




Store General register to Data 
memory 


(M)<-(R) 


11000 


mH 


m L 


r 


MOV 


@r, m 


Move Data memory to Destina- 
tion data memory referring to 
General register 


if MPE=1 : [(MP), (R)] <- (M) 
if MPE=0 : [(mn), (R)l «-(M) 










m, @r 


Move Source data memory re- 
ferring to General register to 
Data memory 


if MPE=1 : (M)^- [(MP), (R)] 

if MPF=D • (Ml 4- r (mi_il (R)l 


11010 


mn 


m L 


r 




Move immediate data to Data 
memory 


(M) ■*- i 


11101 


m H 


m L 


i 


MOVT 


DBF, 
@AR 


Move Procjrsm mBmory ddts 
specified by Address register to 
Data buffer 


(STACKp C ) «- (PC) & 
(PC) <- (AR) & 
(DBF) <- (ROM)p C & 


001 1 1 


000 


0001 


0000 


PUSH 


AR 


Decrement Stack pointer, then 
move Address register to Stack 


(SP) <- (SP) - 1 & 

(STACKp C ) <- (AR) 


001 1 1 


000 


1101 


0000 


POP 


AR 


Move Stack to Address register, 
then increment Stack pointer 


(AR) <- (STACKp C ) & 
(SP) (SP) + 1 


001 1 1 


000 


1100 


0000 


PEEK 


WR,rf 


Get data of Register file to 
Window register 


(WR)^-(RF) 


00111 


rfH 


0011 


rf L 


PCKE 


rf, WR 


Put data of Window register into 
Register file 


(RF)-h-(WR) 


00111 


rfH 


0010 


■fL 


GET 


DBF, p 


Get peripheral data to Data 
buffer 


(DBF) ^- (PE) 


001 1 1 


PH 


1011 


PL 


PUT 


p, DBF 


Put data of Data buffer to peri- 
pheral 


(PE)^-(DBF) 


00111 


PH 


1010 


PL 


Bit test 


SKT 


m, #n 


Test Data memory bits, then 
skip if all bits specified are true 


if (M) n = all "1", then skip 


11110 


m H 


m L 


n 


SKF 


m, #n 


Test Data memory bits, then 
skip if all bits specified are false 


if (M) n = all "0", then skip 


11111 


m H 


m L 
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Mnemo- 
nic 


Operand 


Function 


Operation 


Machine code 


Op. 
code 




Jump 


BR 


addr 


Jump to the address in page 
Jump to the address in page 1 


(PC)<-addr& (PC)»11 <-0 
(PC)*- addr & <PC)»i1 ^1 


01100 
01101 


addr (11 bits) 


@AR 


Jump to the address specified 
by Address register 


(PC) *- (AR) 


00111 


000 


0100 


0000 


Shift 


RORC 


r 


Rotate General register right 
with carry 


I " 1 

I<R) # 3-(R) # 2-(R) # 1-(R) #0 -' 


00111 


000 


0111 


r 


Subroutine 


CALL 


addr 


Call subroutine in page 


(SP) +- (SP) - 1 & 
(STACK pc )<-((PC) + 1) & 
(PC) # ii <-0& (PC) <-addr 


11100 


addr (11 bits) 


@AR 


Call subroutine 


(SP) <- (SP) - 1 & 
(STACK pc )^((PC) + 1)& 
(PC)«-(AR) 


00111 


000 


0101 


0000 


RET 




Return to main routine from 
subroutine 


(PC) <- (STACKp C ) & 
(SP) <- (SP) + 1 


00111 


000 


1110 


0000 


RETSK 




Return to main routine from 
subroutine, then skip uncondi- 
tionally 


(PC) <- (STACKp C ) & 
(SP) «- (SP) + 1 & skip 




001 


1110 


0000 


RETI 




Return to main routine from 
interrupt service routine 


(PC). (BANK), (IXE) - (STACK) 
& (SP) <- (SP) + 1 


00111 


100 


1110 


0000 


Inter 
rupt J 


El 




Enable interrupt 


INTEF<-1 


00111 


000 


1111 


0000 


Dl 




Disable interrupt 


INTEF<-0 


00111 


001 


1111 


0000 


Others 


STOP 





Stop clock if CE = low 


stop clock if CE = low 


00111 


010 


1111 


0000 


HALT 


h 


Halt the CPU, Restart by 
condition h 


halt 


00111 


011 


1111 


h 


NOP 




No operation 




00111 


100 


1111 


0000 
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BUILT-IN IMAGE DISPLAY CONTROLLER 



The /UPD17P008 is a 4 bits CMOS microcontroller incorporating One Tim* PROM, 2K bits EEPROM, Image 
Display Controller (IDC) and PLL frequency synthesizer into one chip for digital tuning of PLL frequency syn- 
thesizer system of TV. 

Image Display Controller has various display function showing not only letters but also drawings. 

Fonts of IDC are selected by user's program and effective debugging can be realized by actual indications from 
the beginning of software development. 

In addition, Hsync. counter for station detection and serial interface for communication with other peripheral 
devices are incorporated, also 4 bits A/D converter 8 bits D/A converter (PWM output) and 6 bits D/A converter 
(PWM output) are incorporated. 

CPU applies ;uPD1 7000 architecture which operates data memory directly without accumulate^ and it realizes 
effective programming. 

All instructions consist of 16 bits one word. 

One Time PROM makes it perfect for system evaluation or small lot production of the .mask ROM products 
juPD17008. 

Package type is 64-pin plastic shrink DIP (Dual In-Line Package). 



FEATURES 

• 4 bits microcontroller for digital tuning system 

• program memory (ROM) : 

32K byte (16.256 steps x 16 bits) 

• data memory (RAM): 672 words x 4 bits 

• stack level: 7 

• 36 types of understandable instruction 

• capable of decimal arithmetic 

• instruction execution time: 

2 /is (with 8 MHz crystal connected) 

• built-in PLL frequency synthesizer 

using 1 GHz prescaler: /uPB568 

• IDC (Image Display Controller) built-in 

(user programmable) 

• number of display character: 

200 characters (max. in one screen) 

• display location: 14 lines x 19 columns 

• number of character types: 248 types 

• character format: 

10x15 dots (capable of fringe function) 
2-dot space between characters can be set. 

• character color: 8 colors 



• character size: 

4 types of setting is available independently 
both for line and column (14, 28, 42, 56H) 

• built-in circuit to prevent 1-dot vertical flicker. 

• built-in 8 bits serial interface: 

(1 system 2 channels: 3 wire and 2 wire systems) 

• built-in D/A converter: 6 bits x 6 ch (PWM output) 

: 8 bits x 9 ch (PWM output) 

• built-in A/D converter: 4 bits x 8 ch 

• built-in H. Sync, signal counter 

• built-in commercial power supply freq. counter 

• built-in power-up detection circuit and power-on 

reset circuit. 

• interrupt input for remote control signal 

{with noise canceller) 

• plentiful I/O ports: input output port: 16 

input port 4 
output port : 25 

• single power supply (5 V ± 10 %) 

• CMOS with low power consumption 

• 64-pin plastic shrink DIP (600 mil) 
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PIN CONFIGURATION (Top View) 
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BLOCK DIAGRAM 




— 1 1 4 r* j Detector 

Latch 1 . . r . r-^Tl 

"T^Z 1 L— | Selector | — - ]pivider| i-o^J-i-o 

^"-^ — i CPU Clock 



x OUT 



OSC|N 



OSCquT 
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SINGLE-CHIP MICROCONTROLLER FOR VOLTAGE SYNTHESIZER 
WITH ON-CHIP IMAGE DISPLAY CONTROLLER 

The /iPD17051 is a 4-bit CMOS microcontroller for digital tuning systems with an on-chip image display 
controller (IDC) allowing various kinds of display and 14-bit D/A converter for voltage synthesizer use. 

The CPU features include 4-bit parallel addition, logical operations, multiple bit testing, carry flag setting/ 
resetting, powerful interrupt functions and timer functions. 

The on-chip user-programmable image display controller for on-screen enables easy program control of 
various kinds of display. 

The pPD17051 comes in 48-pin plastic shrink DIP form, and has a wide range of I/O port and serial interface 
functions controlled by powerful input/output instructions, plus a 4-bit A/D converter and 6-bit PWM output. 

FEATURES 



4-bit microcontroller for digital tuning systems 
On-chip 14-bit D/A converter for voltage synthesizer 
Programmable memory (ROM) 
Data memory (RAM) 
Stack levels 

35 easy-to-understand instruction sets 
Decimal operation capability 
Instruction execution time 
On-chip IDC (user-programmable) 
Display capacity 
Display positions 
Character set 
Character format 
Colors 

Character size 



On-chip 8-bit serial interface 
(1 system: 3-wire or 2-wire) 
On-chip D/A converter 
On-chip A/D converter 
On-chip horizontal synchronization signal counter 
On-chip commercial power supply frequency counter 
On-chip power outage detection circuit and power-on reset circuit 
Remote control signal interrupt input (with noise canceler) 
Many I/O ports 



16K bytes (8192 steps x 16 bits) 
448 words x 4 bits 



2 /js (with 8 MHz oscillator connected) 

Max. 97 characters per screen 
14 rows x 19 columns 

1 28 characters (64 simultaneously usable per screen) 

10 x 15 dots (bordering capability) 

8 

4 independent vertical/horizontal settings 
(15, 30, 45, 60 H) 
(2.5, 5.0, 7.5 10 us) 



6 bits x 3 (PWM output) 
4 bits x 8 



Input/output ports 
Input ports 
Output ports 

• 5V±10% 

• Low power consumption CMOS 
ORDERING INFORMATION 



16 

5 

10 



Order Code 



Package 



A/PD17051CU-xxx 



48-Pin Plastic Shrink DIP (600 mil) 



Notes on Serial interface: 



The 2-wire mode corresponds to the l2C-Bus specification from Philips. 
In case of using this interface mode note the following: 



Duties when using I2C bus system 

Purchase of NEC's I2C bus system hardware components conveys a license under the Philips I2C patents rights 
to use this components in an I2C system, provided that the system conforms the I2C standard specifications as 
defined by Philips. 

Consequently for all ROM based components with I2C hardware circuits the user is kindly requested to notify the 
use of the I2C bus interface at the ROM code verification stage. 
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FUNCTIONAL OUTLINE 



Item 


Function 


Program memory 


• 16K bytes (8192 steps x 16 bits) 
Table reference area : 256 steps 
CROM dual-function area : 2048 steps 


Data memory 


• 448 words (448 words x 4 bits) 
Data buffer : 4 words 
General-purpose registers : 16 words 
VRAM dual-function area : 224 words 


System registers 


• 12 words 


Register file 


• 24 words (control registers) 


Port registers 


• 8 words 


Instruction execution time 


• 2 /xs (using 8 MHz ceramic oscillator) 


Stack levels 


• 6 levels (stack manipulation capability) 


General-purpose ports 


• Input/output ports : 16 

• Input ports : 5 

• Output ports : 10 


IDC (Image Display Controller) 


• Display capacity : 97 characters per screen 

• Display positions : 14 rows x 19 columns 

• Character set 128 characters (user-programmable) (64 

different characters simultaneously display- 
able per screen) 

• Character format : 10 x 15 dots 

• Colors : 8 

• Character size 4 vertical 

(15, 30, 45, 60 H) 

4 horizontal 

(2.5, 5.0, 7.5 10 ps) 

Independent vertical/horizontal setting 
capability 


Serial interface 


• 1 system (2 channels) 
8-bit 3-wire: 1 channel 
8-bit 2-wire: 1 channel 


D/A converter 


• 14-bit x 1 (PWM output, Max. 12.5 V withstand voltage) 

• fi-Hit v Q <P\A/M niitniit May 19 K V with eta nH v/nltanol 


A/D converter 


• 4-bit x 8 (software-driven successive approximation method) 


Interrupts 


• 4 channels (maskable interrupts) 

External interrupts: 2 channels (RMC pin, Vsync pin) 
Internal interrupts: 2 channels (timer, serial interface) 


Timer 


• 2 systems 

Internal timer : 5, 20, 100 ms 

External timer : 1/5, 1/6 frequency input to P1B3/TMIN pin 


Reset 


• Power-on reset (on powering-on) 

• Reset by CE pin (CE pin: Low -» high) 

• Power outage detection function 


Supply voltage 


5V±10% 


Package 


48-pin plastic shrink DIP (600 mil) 
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PIN CONFIGURATION (Top View) 




ADCo to ADC? 


A/D converter inputs 


SDA 


Data input/output 


CE 


Chip enable 


POAo to POA3 


Port OA 


RMC 


Interrupt signal input 


POBo to POB3 


Port OB 


XlN, XOUT 


Oscillator 


POCoto POCa 


Port OC 


TMIN 


External timer input 


PODo to POD3 


Port OD 


PWMoto PWM2 


D/A converter outputs 


PIAoto P1A3 


Port 1A 


PWMrmp 


Station selection D/A converter output 


PIBoto P1B3 


Port 1B 


RED 


Character signal output 


P1Co to P1C3 


Port 1C 


GREEN 


Character signal output 


PIDoto P1D3 


Port 1D 


BLUE 


Character signal output 


Vdo 


Power supply 


BLANK 


Blanking signal output 


GND 


Ground 


HSYNC 


Horizontal synchronization signal input 






VSYNC 


Vertical synchronization signal input 






HSCNT 


Horizontal synchronization signal counter input 






SI 


Data input 






SO 


Data output 






SCK" 


Shift clock input/output 






SCL 


Shift clock input/output 
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1. PIN FUNCTIONS 



1.1 SUMMARY OF PIN FUNCTIONS 



PIN No. 


SIGNAL 


PIN NAME 


DESCRIPTION 


OUTPUT TYPE 


1to4 


P0C3tO 

POCo 


PortOC 


4-bit output port. Port OC latch is located in 
address 72H of data memory (RAM) BANKO or 
BANK2. 

Output status is undefined after power-on re- 
set. 


CMOS push-pull 


5 
6 
7 
8 


POD3/ADC7 
POD2/ADC6 
POD1/ADC5 
POD0/ADC4 


PortOD 


4-bit input port or A/D converter input pins. 
When used as a port, a pull-down resistor (100 
kQTYP.) is attached. Port 0D latch is located in 
address 73H of data memory (RAM) BANKO or 
BANK2. 


Input (with pull- 
down resistor) 


9 to 
12 


P1D3tO 

P1Do 


PorMD 


4-bit output port. Port 1D latch is located in 
address 73H of data memory (RAM) BANK1 or 
BANK3. 

Output status is undefined after power-on re- 
set. 


CMOS push-pull 


13 


Vdd 


Power 
supply 


Device power supply pin. 
Supplies 5 V ±10 % voltage when all functions 
are operated. When IDC is not used, device 
operations on 4 to 5.5 V. When RAM data is 
retained (when clock oscillation is stopped) 
voltage can be reduced to approx. 2.2 V. 
As the juPD17051 incorporates a power-on 
reset circuit, a -> 4.0 Vtransition effects a sys- 
tem reset and the program starts at address 0. 
To ensure proper operation of the power-on 
reset circuit, the rise time from to 4.0 V 
should be within 500 ms. 




14 


CE 


Chip enable 


Device selection signal input pin. Driven high 
when the device is operated normally, and low 
when the device is not used. 
When this pin is low, execution of the STOP 
instruction stops clock oscillation^ allowing 
low-current-consumption backup. The STOP 
instruction is only effective when the CE pin is 
low; when high, this instruction operates iden- 
tically to an NOP instruction, This pin has a 
dual function as a reset pin; A low-to high 
transition of the CE pin resets the device and 


Input 
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PIN No. 


SIGNAL 


PIN NAME 


DESCRIPTION 


OUTPUT TYPE 


14 


CE 


Chip enable 


the program starts from address 0. When the 
device is reset, bankO is selected and I/O ports 
are placed in input mode. Note however that 
a low-level signal of 188 us or less is not 
acknowledged. 




15 


RMC 


Interrupt 

signal 

input 


Interrupt input pin with noise canceler. 
Using this pin for noisy signals such as re- 
motecontrolsignalsfacilitates programming. 
Whether an interrupt is generated on the rise 
orthefall ofthe input signalto this pin can be 
specified by the program. An interrupt is 
generated on a rise when the IEDG1 flag is 
reset, and on a fall when this flag is set. 
In a CE reset the IEDG1 flag is rest, and an 
interrupt is thus generated on a rise of the 
signal 


Input 


16 


GND 


Ground 


Device ground pin. 




17 to 
20 


P1A3tO 

P1Ao 


Port 1A 


4-bit output port. Port 1A latch is located in 
address 70H of data memory (RAM) BANK1 
or BANK3. 

N-ch open-drain type (medium voltage, high 
current). 


N-ch open-drain 


21 
22 


XOUT 
XlN 


Oscillator 


Ceramic oscillator or crystal resonator con- 
nection pins. 

An 8MHzoscillator/resonatorshouldbeused. 


CMOS push-pull 
(Xout) Input (Xin) 


23 
24 
25 
26 


P1B3/TMIN 
P1B2 
P1B1 
P1B0 


Port 1B 


4-bit input/output port. These port pins can be 
specified as input/output bit by bit. 
Input/output setting is performed by the 
P1BBIO word (35H) in the register file. The 
latch for this port is located in address 71 H of 
data memory BANK1 or BANK3. 
P1B3/TMIN can also be used as the external 
timer input. Interrupts can be generated at 1/ 
5 or 1/6 the frequency input to this pin. 
Normally the commercial power supply fre- 
quency is input to this pin and used as the 
basic clock for the clock. 


CMOS push-pull 
(I/O) 
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PIN No. 


SIGNAL 


PIN NAME 


DESCRIPTION 


OUTPUT TYPE 


27 
28 
29 


PWM2 
PWMi 
PWMo 


D/A con- 
verter 


VDP (Variable Duty Port) or 1-bit output ports. 
The VDP function outputs consecutive 15.625 
kHz pulses, and the duty of these pulses can 
be varied by the program in 64 steps. 


N-ch open-drain 


30 


PWMrmp 


Station 
selection 
D/A con- 
verter out- 
put 


Voltage synthesizer 14-bit D/A converter out- 
put or 1-bit output port. The D/A converter 

outniit<s niilQP^ rnmhininn Q-hit PWM anH R- 

bit RMP (Rate Multiplier). 
Therefore, D/A conversion can be performed 
by external connection of a simple CR filter. 
Outputs a low-level signal after power-on 
reset or when clock is stopped. 


N-ch open-drain 


31 
32 
33 


RED 

GREEN 

BLUE 


Character 

signal 

outputs 


Output pins for character data corresponding 
to R, G, B. 
Active-high output. 


CMOS push-pull 


34 


BLANK 


Blanking 

signal 

output 


Output pin for blanking signal cutting video 
signals. 

Active-high output. 


CMOS push-pull 


35 


HSYNC 


Horizontal 
synchroniza- 
tion signal 
input 


Input pin for horizontal synchronization sig- 
nal for IDC. 
Use active-low input. 


Input 


36 


VSYNC 


Vertical syn- 
chronization 
signal input 


Input pin for vertical synchronization signal 
for IDC. 

Use active-low input. This pin can be used to 
effect interrupts. 


Input 


37 
38 
39 
40 


P0B3/ 

HSCNT 
POB2 
POB1 
POBo/SI 


Port OB 


4-bit input/output port. These port pins can be 
specified as input/output bit by bit. Input/ 
output setting is performed by the POBBIO 
word (36H) in the register file. The latch for 
this port is located in address 71H of data 
memory BANKO or BANK2. 
The POBo/SI pin can also be used as the serial 
interface (serial I/O mode) data input pin. 
The POB3/HSCNT pin can also be used as the 
horizontal synchronization signal counter 
input pin, in which case self-bias (Vdd/2) is 
applied to the HSCNT pin. 
Port OB is set to input mode after a power-on 
reset, when the clock is stopped, or after a CE 
reset. 


CMOS push-pull 
(I/O) But note 
that HSCNT is 
self-bias in input 
mode. 



2-174 



NEC 



JIPD17051 



PIN No. 


SIGNAL 


PIN NAME 


DESCRIPTION 


OUTPUT TYPE 


41 
42 
43 
44 


POAa/SP 
POA2/SCK 
POAi/SCL 
POAo/SDA 


Port OA 


4-bit input/output port. These port pins can be 
specified as input/output bit by bit. Input/ 
output setting is performed by the POABIO 
word (37H) in the register file. The latch for 


P0A3/S0 
POA2/SCK 
CMOS push-pull 
(I/O) 








this port is located in address 70H of data 

memory BANKO or BANK2. 

The POA3/SO pin can also be used as the serial 

interface (serial I/O mode) data output pin, 

and the POA2/SCK pin can be used as a shift 

clock input/output pin. 

The POAo/SDA pin can be used as a serial 

interface (2-wire mode and serial I/O mode) 

data input/output pin, and the POA1/SCL pin 

can be used as a shift clock input/output pin. 


rUnl/OvL 

POAo/SDA 

N-ch open-drain 

(I/O) 


45 
46 
47 


PIC3/ADC3 
PIC2/ADC2 
PIC1/ADC1 


Port 1C 


3-bit input/output port or A/D converter input 
pins. Input/output setting is performed as a 3- 
bit unit, and is specified by the P1CGI0 bit (bit 
#0 or 27H) in the register file. When used as A/ 
D converter pins, input must always be speci- 
fied. The latch for this port is located in ad- 
dress 72H of data memory BANK1 or BANK3. 
Port 1C is set to input mode after a power-on 
reset, when the clock stopped, or after a CE 
reset. 


CMOS push-pull 
(I/O) 


48 


ADCo 


A/D con- 
verter input 


A program-driven successive approximation 
4-bit A/D converter is incorporated. The A/D 
converter reference voltage is Vdd. 


Input 
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1.2 PIN EQUIVALENCE CIRCUITS 



POA (P0A3/SO, POA2/SCK) 

POB (POB2, POB1, POBo/SI) 

P1B (P1B 2> P1Bi, P1Bo) 

PTC (PIC3/ADC3, PIC2/ADC2, PIC1/ADC1) 



(Input/output) 




A/D Converter (PIC/ADC Only) 



RESET (Except PIC) 
Read Instruction (PIC Only) 



POA (POA1/SCL, POAo/SDA): (Input/output) 



Vdd 
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POC (POCa, POC2, POCi, POCo) 
P1D (P1D3, P1D2, P1Di, P1Do) 
RED, GREEN, BLUE, BLANK 



(output) 




PWM (PWM2, PWM1, PWMo, PWMrmp) 
P1A (P1A3, P1A2, P1Ai, P1Ao) 



(output) 



POD (POD3/ADC7, POD2/ADC6, POD1/ADC5, POD0/ADC4): (Input) 



Vdd 



O- 




ADCo: (Input) 
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Xin: (Input) 
Xout: (Output) 



X,N O 



XOUT O 
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2. BLOCK DIAGRAM 



RED O- 
GREEN O- 
BLUE O- 
BLANK O- 



POAo/SDA O- 
POAi/SCL O- 
POA2/SCK C- 
POAs/SO O- 
POBo/Sl O- 



POB2 o-f" 
POB3/HSCNT O — 



POCo 
POCi 
POC2 
POCa 
POD0/ADC4 
POD1/ADC5 
POD2/ADC6 
POD3/ADC? 
PIC1/ADC1 
P1 C2/ADC2 
P1 C3/ADC3 



P1Ao 
P1Ai 
PIA2 
P1A3 



Serial 
I/O 



POB 



\A K 

Hsync Counter — ^ 



) 


POC 


) 


) 




) 


> T 


POD 


>-- 




>-- 














>■- 
>-- 










P1C 


y- 








u 












A/D 








) 

> . 


P1A 




> 

> 


>- 





RAM 

448 x 4 bits 



SYSREG 



-AT 



3> ALU 



ROM 
8192 x 16 bits 



^ | ) { Program Counter 



Stack 



Instruction 
Decoder 



PWM 


C 




C 


C 


c 



PWM™ 
PWMo 
PWM, 
PWM 2 



P1B 



-O PlBo 

-O P1B, 

-O PIB2 

-O P1 BVTMIN 



Timer 
Cont- 
roller 






P1D 




1 


1 





O P1Do 

O P1Di 

-O PID2 

O P1D3 



Intern, 
■pt Con- 
troller 



RMC 



— vw — 1 



-O XOUT 



O CE 
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22. /d>D17051 INSTRUCTIONS 
22.1 INSTRUCTION SET LIST 








1 








ADD r, m 


ADD m, #i ' 


1 


1 


SUB r, m 


SUB m, #i 


10 


2 


ADDC r, m 


ADDC m, #i 


11 


3 


SUBC r, m 


SUBC m, #i 


10 


4 


AND r, m 


AND m, #i 


10 1 


5 


XOR r, m 


XOR m, #i 


110 


6 


OR r, m 


OR m, #i 


111 


7 


INC AR 

INC IX 

MOVT DBF, @AR 

BR @AR 

CALL @AR 

RET 

RETSK 

EI 

RETI 

PUSH AR 
POP AR 
GET DBF, p 
PUT p. DBF 
PEEK WR, rf 
POKE rf, WR 
RORC r 
STOP 
HALT h 
NOP 




10 


8 


LD r, m 


ST m, r 


10 1 


9 


SKE m, si 


SKGE m, #i 


10 10 


A 


MOV if r, m 


MOV m, @r 


10 11 


B 


SKNE m, si 


SKLT m, Si 


110 


C 


BR 3ddr 

(page ) 


addr 

CALL 

(page ) 


110 1 


D 


addr 

BR 

(page 1 ) 


MOV m, #i 


1110 


E 


BR 3ddr 

(page 2 ) 


SKT m, #n 


1111 


F 


addr 

BR 

(page 3 ) 


SKF m, #n 
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22.2 INSTRUCTION LIST 

Legend 



M : Data memory indicated by l(BANK), m] 

m : Data memory address indicated by [rr»H, mt] 

itih Data memory row address (3 bits) 

mi Data memory column address (4 bits) 

R : General register indicated by I (RP), rl 

r : General register column address (4 bits) 

RP : General register pointer 

RF : Register file indicated by rf 

rf : Register file address indicated by [Kh, rfj 

rfH : Register file address (most significant 3 bits) 

rfL : Register file address (least significant 3 bits) 

AR : Address register 

IX : Index register 

IXE Index enable flag 

DBF : Data buffer 

WR : Window register 

MP : Data memory row address pointer 

MPE Memory pointer enable flag 

PE : Peripheral register 

P Peripheral address 

Ph : Peripheral address (most significant 3 bits) 

Pl : Peripheral address (least significant 4 bits) 

PC Program counter 

SP : Stack pointer 

STACK : Stack value indicated by stack pointer 

STACKpc : Program counter value indicated by stack pointer 

BANK : Bank register 

(ROM)pc : Program memory data indicated by (PC) 

INTEF Interrupt enable flag 

SGR : Program memory segment register 

i Immediate data (4 bits) 

n Bit position (4 bits) 

addr : Program memory address (11 bits) 

c Carry 

b Borrow 

h : Halt release condition 

I ] : Data memory or register address 

( ) : Data memory or register value 
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Mnemonic 


Operand 


Operation 


Machine Code 


I 


Operation 
Code 






ADD 


r, m 


(R)-(R) + (M) 


00000 


mH 


rriL 


r 




m, #i 


(M).«-(M)+i 


10000 


mH 


niL 


i 


Add 


ADDC 


r, m 


(R)<-(R) + (M)+ c 


00010 


mH 


mL 


r 


m, #i 


(M)«-(M)+i + c 


10010 


mH 


mi 


i 




INC 


AR 


(AR) — (AR)+1 


00111 


000 


1001 


0000 




IX 


(IX)«-(IX)+1 


00111 


000 


1000 


0000 




SUB 


r, m 


(R)«-(R)-(M) 


00001 


mH 


mL 


r 


:ract 


m, #i 


(M)«-(M)- i 


10001 


mH 


mL 


i 


Supl 


SUBC 


r, m 


(R)*-(R)-(M)- b 


00011 


mH 


mL 


r 




m, #i 


(M)<-(M) - i - b 


10011 


mH 


mi. 


i 




SKE 


m, # i 


(M) — i, skip if zero 


01001 


mH 


mi. 


i 


<u 

re 
a 


SKGE 


m, #i 


(M) — i, skip if not borrow 


11001 


mH 


mL 


i 


Com 


SKLT 


m, #i 


(M) — i, skip if borrow 


11011 


mH 


mL 


i 




SKNE 


m, # i 


(M)-i, skip if not zero 


01011 


mH 


mL 




c 


AND 


m, # i 


(M)«-(M) AND i 


10100 


mH 


mi. 




_o 
re 


r, m 


(R)«-(R) AND (M) 


00100 


mH 


mL 


r 


opei 


OR 


m, #i 


(M)«-(M) OR i 


10110 








Logical 


r, m 


(R)«-(R) OR (M) 


00110 








XOR 


m, # i 


(M)«-(M) XOR i 


10101 


mH 


mL 


i 




r, m 


(R)«-(R) XOR (M) 


00101 


mH 


mi. 


r 




LD 


r, m 


(R) — (M) 


01000 


mH 


mL 


r 




ST 


m, r 


\M)*—\K) 


11000 


mH 


mL 


r 






(° r, m 


11 iVl i — 1 . | uvn ; , IK/ 1 * \ ;V1 ) 

if MPE=0 : [(m H ), (R) J-(M) 


01010 


mH 


mL 


r 




MOV 


m. r 


if MPE=1 : (M) — [(MP), (R) ] 
if MPE=0 : (M)«-[(mH), (R) ) 


11010 


mH 


mL 


r 


u 

0) 




m, tt i 


(M)<- i 


11101 


mH 


mL 


i 


Transf 


MOVT'* 


DBF, i« AK 


(STACKpc)-(PC). (PC)-(AR), 
(DBF)-(R0M)pc. (PC)-(STACKpc) 


00111 


000 


0001 


0000 




PUSH 


AR 


(SP)-(SP)- 1, (STACKpc)-(AR) 


00111 


000 


1101 


0000 




FOP 


AR 


(AR)-(STACKpc). (SP)*-(SP) + 1 


00111 


000 


1100 


0000 




PEEK 


\VR, rf 


(WR)-(RF) 


00111 


riH 


0011 


rf L 




POKE 


rf, WR 


(RF) — (WR) 


00111 


rf H 


0010 


rf L 




GET 


DBF, p 


(DBF>«-(PE) 


00111 


pH 


1011 


Pl 




PUT 


p, DBF 


(PE)-(DBF) 


00111 


PH 


1010 


Pl 



*: 2 machine cycles (equivalent to 2 instructions) are necessary for the execution of MOVT instruction. The stack is 
temporarily used for instruction execution. 
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Instruction 


Mnemonic 


Operand 


Operation 


Machine Code 


Operation 
Code 




<u 
u 
-c 


SKT 


m, £n 


if(M) n = all " 1 then skip 


11110 


rrin 


mL 


n 


SKF 




if(M) =pI1 "0" thpn <;U-in 


11111 


rriH 


rriL 


n 


Branch 


BR 


addr 


(PC)- addr, (PC) n , 2 , i: „— 00 


01100 


addr (least 
addr significant 
11 bits) 


(PC)— addr, (PC)s ]2 , :r n - 01 


01101 


(PC)- addr, (PC)s !2 , d— 10 


oino 


(PC)- addr, (PC)= 12 , - ,,- 11 


01111 


<« AR 


(PC)— (AR) 


00111 


000 


0100 


0000 


Shift 


RORC 


r 




00111 


000 


0111 


r 


! L " 1 

1 * (R> sr 3 — (R) s, — (R) s (R) j: 1 


Subroutine 


CALL 


addr 


(SP)-(SP)- 1, (STACKi-c)-((PC) + 1) 
(PC) - „- 0, (PC)- addr 


1 1 100 


addr (11 bits) 


<« AR 


(SP) — (SP)- 1. (STACKiO* ((PC)+ 1) 
(PC)-(AR) 


00111 


ooo 


0101 


0000 


RET 




(PC) — (STACKhc), (SP) — (SP) + 1 


00111 


ooo 


1110 


0000 


RETSK 




(PC) — (STACKi'c), 

(SP) — (SP) + 1, and skip 


00111 


001 


1110 


0000 


RETI 




(PC), (BANK). (IXK)— (STACK), 
(SP) — (SP) + I 


00111 


100 


1110 


0000 


Interrupt 


EI 




IXTEF — 1 


00111 


ooo 


1111 


0000 


I)I 




IN TEE «- 


00111 


001 


1111 


0000 




STOP 





stop clock if CE = liiw 


00111 


010 


mi 


0000 


HALT 


h 


halt 


00111 


Oil 


mi 


h 


NOP 




No operation 


00111 


100 


mi 


0000 
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22.3 INTRINSIC MACRO INSTRUCTIONS 

The following macro instructions are available as intrinsic macro instructions for the 17K series assembler 
(AS17K). For details, refer to the Assembler User's Manual. 

Legend 

flag : One of flagl to flagn 

flagl to flagn : Flag name indicated by the reserved word 

n Number 

<> : Omissible 





Mnemonic 


Operand 


n 


Operation 




SKTn 


flagl, 


••• flagn 


1 ^n^ 4 


if (flagl) - (flagn) = all " 1 ", then skip 


:ions 


SKFn 


flagl, 


••• flagn 


1 ^n^ 4 


if (flagl) - (flagn) = all "0", then skip 


trucl 


SETn 


flagl, 


••• flagn 


1 ±Sn^ 4 


(flagl)- (flagn) <-r 


tn 
P, 


CL.Rn 


flagl, 


••• flagn 


1 ±Sn^ 4 


(flagl) - (flagn) «-0 


c Macn 


NOTn 


flagl, 


••■ flagn 


1 4 


if (flag)="0", then (flag)«-l, 
if (flag) = "1", then (flag)'— 


Intrinsi 


INITFLG 


<NOT>flagl, 

••• <NOT>flagn 


1 ^n^ 4 


if description = NOT flag, (flag)«-0 
if description = flag, (flag)"— 1 




BANKn 




^n^ 3 


(BANK) «— n 
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23. RESERVATION SYMBOLS FOR ASSEMBLER 



//PD17051 reservation symbols for use of an assembler are shown below. 
23.1 SYSTEM REGISTER (SYSREG) 



Reserved 
Word 


Type 


Address 


Read 
Write 


Overview of Function 


AR3 


MEM 


0.74H 


R 


Address register bits bl5 to bl2 


AR2 


MEM 


0.75H 


R 


Address register bits bll to b8 


AR1 


MEM 


0.76H 


R W 


Address register bits b9 to b4 


ARO 


MEM 


0.77H 


R W 


Address register bits b3 to bO 


\VR 


MEM 


0.78H 


R W 


Window register 


BANK 


MEM 


0.79H 


R W 


Bank register 


IXH 


MEM 


0.7AH 


R W 


Index register high 


MPH 


MEM 


0.7AH 


R W 


Data memory row address pointer high 


MPE 


FLO 


0.7AH.3 


R W 


Memory pointer enable flag 


IX M 


MEM 


0.7BH 


R W 


Index register middle 


MPL 


MEM 


0.7BH 


R W 


Data memory row address pointer low 


IXL 


MEM 


0.7CH 


R W 


Index register low 


RPIl 


MEM 


0.7DH 


R W 


General register pointer high 


RPL 


MEM 


0.7EH 


R W 


General register pointer low 


PSW 


MEM 


0.7FH 


R W 


Program status word 


BCD 


FLG 


0.7EH.0 


R W 


BCD flag 


CMP 


FLG 


0.7FH.3 


R W 


Compare flag 


CY 


FLG 


0.7FH.2 


R W 


Carry flag 


Z 


FLG 


0.7FH.1 


R W 


Zero flag 


IXE 


FLG 


0.7FH.0 


R W 


Index enable flag 



23.2 DATA BUFFER (DBF) 



Reserved 
Word 


Type 


Address 


Read 
Write 


Overview of Function 


DBF3 


MEM 


O.OCH 


R W 


Data buffer bits bl5 to b!2 


DBF2 


MEM 


O.ODH 


R W 


Data buffer bits bll to b8 


DBF1 


MEM 


O.OEH 


R W 


Data buffer bits b7 to b4 


DBFO 


MEM 


O.OFH 


R W 


Data buffer bits b3 to bO 
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23.3 GENERAL-PURPOSE PORT REGISTER 



Reserved 
Word 


Type 


Address 


Read/ 
Write 


Overview of Function 


P0A3 


FLG 


0.70H.3 


R/W 


Bit b3 of Port OA 


P0A2 


FLG 


0.70H.2 


R/W 


Bit b2 of Port OA 


P0A1 


FLG 


0.70H.1 


R/W 


Bit bl of Port OA 


POAO 


FLG 


0.70H.0 


R/W 


Bit bO of Port OA 


P0B3 


FLG 


0.71H.3 


R/W 


Bit b3 of Port OB 


P0B2 


FLG 


0.71H.2 


R/W 


Bit b2 of Port OB 


P0B1 


FLG 


0.71H.1 


R/W 


Bit bl of Port OB 


POBO 


FLG 


0.71H.0 


R/W 


Bit bO of Port OB 


P0C3 


FLG 


0.72H.3 


R/W 


Bit b3 of Port OC 


P0C2 


FLG 


0.72H.2 


R/W 


Bit b2 of Port OC 


P0C1 


FLG 


0.72H.1 


R/W 


Bit bl of Port OC 


POCO 


FLG 


0.72H.0 


R/W 


Bit bO of Port OC 


P0D3 


FLG 


0.73H.3 


R 


Bit b3 of Port OD 


P0D2 


FLG 


0.73H.2 


R 


Bit b2 of Port OD 


P0D1 


FLG 


0.73H.1 


R 


Bit bl of Port OD 


PODO 


FLG 


0.73H.0 


R 


Bit bO of Port OD 


P1A3 


FLG 


1.70H.3 


R/W 


Bit b3 of Port 1A 


P1A2 


FLG 


1.70H.2 


R/W 


Bit b2 of Port 1A 


P1A1 


FLG 


1.70H.1 


R/W 


Bit bl of Port 1A 


PI AO 


FLG 


1.70H.0 


R/W 


Bit bO of Port 1A 


P1B3 


FLG 


1.71H.3 


R 7 W 


Bit b3 of Port IB 


P1B2 


FLG 


1.71H.2 


R'W 


Bit b2 of Port IB 


P1B1 


FLG 


1.71H.1 


R/W 


Bit bl of Port IB 


PI BO 


FLG 


1.71H.0 


R/W 


Bit bO of Port IB 


P1C3 


FLG 


1.72H.3 


R W 


Bit b3 of Port 1C 


P1C2 


FLG 


1.72H.2 


R W 


Bit b2 of Port 1C 


P1C1 


FLG 


1.72H.1 


R f W 


Bit bl of Port 1C 


P1D3 


FLG 


1.73H.3 


R/W 


Bit b3 of Port ID 


P1D2 


FLG 


1.73H.2 


R/W 


Bit b2 of Port ID 


P1D1 


FLG 


1.73H.1 


R/W 


Bit bl of Port ID 


P1D0 


FLG 


1.73H.0 


R/W 


Bit bO of Port ID 
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23.4 REGISTER FILE (CONTROL REGISTER) 



Reserved 
Word 


Type 


Address 


Read 
Write 


Overview of Function 


IDCDMAEN 


FLG 


0.80H.1 


R W 


DMA enable flag 


SP 


MEM 


0.81H 


R W 


Stack pointer 


CE 


FLG 


0.87H.0 


R 


CE pin status flag 


SIOCH 


FLG 


0.88H.3 


R W 


SIO channel select flag 


SB 


FLG 


0.88H.2 


R W 


SIO mode select flag 


SIOMS flc; 


0.88H.1 R W 


SIO clock mode select flag 


SIOTX i FLG 


0.88H.0 | R W 


SIO TX RX select flag 


! 1 

ZCROSS | FLG 


0.89H.3 ; R W 


Timer interrupt mode select flag 


TMMD2 


flc; 


0.89H.2 ; R \V 


Timer carry FF mode select flag 


TMMDl 


flc; 


0.89H.1 ! R W 


Timer carry FF mode select flag 


TMMDO 


FLG 


0.89H.0 ! R \V 


Timer carry FF mode select flag 


INTVSVN 


FLG 


0.8FII.2 j R 


Vsync pin status flag 


INT 


FLG 


0.8FH.0 R 


RMC pin status flag 


H SCOT 3 


FLG 


0.91H.3 i R 

- j 


Hsync counter mode select flag (dummy : 0) 


HSCGT2 
HSCGT1 


FLG 
FLG 


0.91H.2 ; R 
0.91H.1 j R W 


Hsync counter mode select flag (dummy : 0) 


Hsync counter mode select flag 


HSCGTO 


FLG 


0.91H.0 | R W 


Hsyne counter mode select flag 


HSCGOPN 


FLG 


0.92H.3 | R \Y ' Hsync counter gate open i!ag 


RMCSTAT3 


FLG 


0.95H.3 ; R S RMC pin status flag (dummy : m 


RMCSTAT2 


FLG 


0.95H.2 R W RMC pin status flag 


RMCSTATl ; FLG 


0.95H.1 ; R W 


RMC pin status flag 


RMCSTATO 


FLG 


0.95H.0 


R W 


RMC pin status flag 


TMCY 


FLG 


0.97H.0 


R 


Timer carry FF status flag 


SBACK 


FLG 


0.98H.3 


R W 


Serial bus acknowledge flag 


SIONWT 


FLG 


0.98H.2 


R W 


SIO no wait flag 


SIOWRQ1 


FLG 


0.98H.1 


R W 


SIO wait request flag 


SIOWRQO 


FLG 


0.98H.0 


R W 


SIO wait request flag 


IEGVSYN 


FLG 


0.9FH.2 


R W 


Vsync interrupt edge select flag 


IEG 


FLG 


0.9FH.0 


R W 


RMC interrupt edge select flag 


ADCCH2 


FLG 


0.0A1H.3 


R W 


A D converter channel select flag 


ADCCH1 


FLG 


0.0A1H.2 


R W 


A X D converter channel select flag 


ADCCHO 


FLG 


0.0A1H.1 


R W 


A D converter channel select flag 


ADCCMP 


FLG 


0.0A1H.0 


R 


A D converter judge flag 


POCGIO 


FLG 


0.0A7H.0 


R W 


Port OC I select flag 


SIOSF8 


FLG 


0.0A8H.3 


R W 


SIO shift 8 clock flag 


SIOSF9 


FLG 


0.0A8H.2 


R W 


SIO shift 9 clock flag 


SBSTT 


FLG 


0.0A8H.1 


R W 


Serial bus start test flag 


SBBSY 


FLG 


0.0A8H.0 


R W 


Serial bus busy flag 



Remarks: Dummy is "0". 
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Reserved 
Word 


Type 


Address 


Read/ 
Write 


Overview of Function 


IPSIO 


FLG 


0.0AFH.3 


R/W 


SIO interrupt permission flag 


IPVSYN 


FLG 


0.0AFH.2 


R/W 


Vsync interrupt permission flag 


IPTM 


FLG 


0.0AFH.1 


' R/W 


Timer interrupt permission flag 


IP 


FLG 


O.OAFH.O 


R/W 


RMC interrupt permission flag 


CROMBNK 


FLG 


O.OBOH.O 


R/W 


CROM bank select flag 


IDCEN 


FLG 


0.0B1H.0 


R/W 


IDC enable flag 


P1BBI03 


FLG 


0.0B5H.3 


R/W 


P1B3I/0 select flag 


P1BBI02 


FLG 


0.0B5H.2 


R/W 


P1B2I/0 select flag 


P1BBI01 


FLG 


0.0B5H.1 


R/W 


P1B1I/0 select flag 


P1BBIO0 


FLG 


0.0B5H.0 


R/W 


P1B0I/O select flag 


P0BBIO3 


FLG 


0.0B6H.3 


R/W 


P0B3I/O select flag 


P0BBIO2 


FLG 


0.0B6H.2 


R/W 


P0B2I/O select flag 


P0BBIO1 


FLG 


0.0B6H.1 


R/W 


P0B1I/O select flag 


P0BBIO0 


FLG 


0.0B6H.0 


R/W 


P0B0I/O select flag 


P0ABIO3 


FLG 


0.0B7H.3 


R/W 


P0A3I/O select flag 


P0ABIO2 


FLG 


0.0B7H.2 


R 7 W 


P0A2I/O select flag 


P0ABIO1 


FLB 


0.0B7H.1 


R/W 


P0A1I/O select flag 


P0ABIO0 


FLG 


0.0B7H.0 


R 7 W 


POAOI/O select flag 


SIOIMD3 


FLG 


0.0B8H.3 


R 


SIO interrupt mode select flag (dummy : 0) 


SIOIMD2 


FLG 


0.0B8H.2 


R 


SIO interrupt mode select flag (dummy : 0) 


SIOIMD1 


FLG 


0.0B8H.1 


R W 


SIO interrupt mode select flag 


SIOIMDO 


FLG 


0.0B8H.0 


R W 


SIO interrupt mode select flag 


SIOCK3 


FLG 


0.0B9H.3 


R 


SIO shift clock select flag (dummy : 0) 


SIOCK2 


FLG 


0.0B9H.2 


R 


SIO shift clock select flag (dummy: 0) 


SIOCK1 


FLG 


0.0B9H.1 


R W 


SIO shift clock select flag 


SIOCKO 


FLG 


0.0B9H.0 


R W 


SIO shift clock select flag 


IRQSIO 


FLG 


0.0BFH.3 


R W 


SIO interrupt request flag 


IRQVSYN 


FLG 


0.0BFH.2 


R \Y 


Vsync interrupt request flag 


IRQTM 


FLG 


0.0BFH.1 


R W 


Timer interrupt request flag 


IRQ 


FLG 


O.OBFH.O 


R W 


RMC interrupt request flag 



Remarks: Dummy is "0". 
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23.5 PERIPHERAL HARDWARE ADDRESS 



Reserved 
Word 


Type 


Address 


Write 


Overview of Function 


DBF 


DAT 


OFH 


R'W 


GET 'PUT instruction data buffer address 


IX 


DAT 


01 H 


R'W 


INC instruction index register address 


IDCORG 


DAT 


01 H 


R W 


IDC start position set register 


ADCR 


DAT 


02H 


R W 


AT) converter Vrf.k data register 


SIOSFR 


DAT 


03H 


R W 


SIO presettable shift register 


HSC 


DAT 


04 H 


R W 


Hsync counter data register 


PWMRO 


DAT 


05 H 


R W 


PWM data register 


PWMR1 


DAT 


06H 


R W 


PWM data register 1 


PWMR2 


DAT 


07 H 


R W 


PWM data register 2 


AR 


DAT 


40H 


R W 


GET PUT PUSH CALL BR MOVT IXC instruction 
address register address 


PWMRMP 


DAT 


41 H 


R W 


PWMRMP data register 
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24. ELECTRICAL SPECIFICATIONS 



ABSOLUTE MAXIMUM RATINGS 



Power Supply Voltage 


Vdd 




-0.3 to +6.0 


V 


Input Voltage 


Vi 




-0.3 to Vdd 


V 


Output Voltage 


Vo 


Except P1A and PWM 


-0.3 to Vdd 


V 


Output Current High 


lOH 


1 pin 


-12 


mA 






All pins 


-20 


mA 


Output Current Low 


IOL1 


1 pin (except P1 A) 


12 


mA 






All pins (except P1 A) 


20 


mA 


Output Current Low 


IOL2 


1 pin (PIAonly) 


17 


mA 






All pins (P1 A only) 


60 


mA 


Output Withstand 


Vbds 


P1A, PWM 


13 


V 


Voltage 










Operating Temperature 


Topt 




-20 to +70 


°C 


Storage Temperature 


Tstg 




-55 to +125 


°C 



RECOMMENDED OPERATING CONDITIONS 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITIONS 


Power Supply Voltage 


Vddi 


4.5 


5.0 


5.5 


V 


All functions in operation 


Power Supply Voltage 


VDD2 


4.0 


5.0 


5.5 


V 


Only IDC stop 


Data Hold Voltage 


Vdr 


2.2 




5.5 


V 


Clock oscillation stop 


Output Withstand Voltage 


Vbds 






12.5 


V 


P1A, PWM 


Power Supply 
Voltage Rising Time 


trise 






500 


ms 


Vdd: -> 4.0 V 
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DC CHARACTERISTICS (T. = -20 to +70 C, Vdd = 4.0 to 5.5 V) 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITIONS 


Power Supply Current 


Iddi 




7 


15 


mA 


CPU operation, IDC 
operation Vdd = 5.5 V 


Power Supply Current 






3.5 


15 


mA 


CPU operation, IDC stop 
Vdd = 5.5 V 


Input Voltage High 


Vim 


0.7 

Vdd 




Vdd 


V 


P0A, P0B, POD, P1B, P1C 


Input Voltage High 


VlH2 


0.8 
Vdd 




Vdd 


V 


CE, RMC, Vsync, Hsync 


input vuiiayt; uuw 


VlLI 


V 




0.3 

Vdd 


y 


poa por pnn pir Pir 

rv/A, rUD, rUU/ r ID, r l\* 


Input Voltage Low 


VlL2 


o 




0.2 

Vdd 


v 


CE, RMC, Vsync, Hsync 


Output Current High 






_2 






POA2 POA3 P0B, P0C, P1B, 
P1C, P1D, RED, GREEN, BLUE, 
BLANK Voh=Vdd-1V 


Output Current Low 


l0L1 


2 


3 




mA 


P0A, P0B, P0C, P1B, P1C, 
P1D, RED, GREEN, BLUE, 

Rl ANK Vm - 1 V 

O L-AAI >i l\ VOL— 1 V 


Output Current Low 


IOL2 


15 


20 




mA 


P1A Vol=1V 


Output Current Low 


IOL3 


1 


2 




mA 


PWM Vol = 1 V 


Input Current High 


llH 




50 




jiA 


POD, when pulled down 
Vih = Vdd 


Data Hold Current 


Idr 






10 


ma 


Clock oscillation stop 
Ta=25 X, Vdd = 5.5 V 


Output Leakage 


II 






1 


//A 


POAo, POAi, P1A, PWM 
Voh=5V 
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AC CHARACTERISTICS (Ta = -20 to +70 °C, Vdd = 4.0 to 5.5 V) 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITIONS 


Input Frequency 


frMiN 


50 




60 


Hz 


P1B3/TMIN 


Input Frequency 


fHS 


10 




20 


kHz 


P0B3/HSCNT 


IDC Jitter 


IDCg 




3 


4 


ns 


Vdd =4.5 to 5.5 V 


A/D CONVERTER CHARACTERISTICS (Ta = -20 to +70 C, Vdd = 4.0 to 5.5 V) 


CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITIONS 


A/D conversion absolute 
accuracy 




±1/2 




±1 


LSB 




A/D input impedance 




1 






M£2 
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SINGLE-CHIP MICROCOMPUTER 
BUILT-IN IMAGE DISPLAY CONTROLLER FOR VOLTAGE SYNTHESIZER 



The M p D 17052 is a 4-bit single-chip microcomputer with a built-in display controller and 14-bit D/A converter 
for a digital tuning system designed for use in a voltage synthesizer TV set. 

The image display controller (IDC) has a variety of image display functions. It is capable of displaying figures 
as well as characters. All fonts are user-programmable and can be specified as desired. Debugging can be done by 
actually outputting this data from the start of program development. 

The microcomputer is also provided with a horizontal synchronization signal counter for detecting broadcasting 
stations, and a serial interface for communication with peripheral devices. Also, a 4-bit A/D converter and a 6-bit 
D/A converter (PWM output) are provided. 

The CPU employs the juPD17000 architecture capable of handling the data memory directly without using an 
accumulator. This ensures highly efficient programming. All instructions comprise a single word with a length 
of 16 bits. 

We also provide an IE-17K (In-Circuit Emulator) and an assembler as easy-to-use p.PD 1 7052 system development 
tools. 



Wealth of I/O ports 
I nput/output ports : 
Input ports 
Output ports 
5 V±10% 

Use of low power-consumption CMOS 
64-pin plastic shrink DIP (750 mil) 



20 
4 
20 



FEATURES 

• 4-bit microcomputer for digital tuning system 

• Built-in 14-bit D/A voltage synthesizer 

• Program memory (ROM) : 16K bytes (16 bits x 8,192 steps) 

• Data memory (RAM) : 4 bits x 448 words 

• Stack levels : 6 

• Easy-to-understand instructions (35) 

• Decimal operations available 

• Instruction execution time : 2 jus (8 MHz oscillator connected) 

• Built-in IDC (Image Display Controller) (User programmable) 
Number of display characters : Max, 99 characters per screen 
Display position 14 lines x 19 columns 

Character set : 128 characters (64 different characters can be displayed in one screen simul- 

taneously.) 
Colors 8 colors 

Character size : 4 sizes can De set in vertical and/or horizontal directions (14, 28, 42, 56H) 

• Built-in 8-bit serial interface (One system with two channels: three-wire and two-wire types) 

• Built-in D/A converter : 6 bits x 4 (PWM output) 

• Built-in A/D converter : 4 bits x 8 

• Built-in horizontal synchronization signal counter 

• Built-in commercial power frequency counter 

• Built-in power failure detection circuit and Power On reset circuit 

• Interrupt input for remote control signals (with noise canceller) 



Notes on Serial interface: The 2-wire mode corresponds to the l2C-Bus specification from Philips. 

In case of using this interface mode note the following: 

Duties when using I2C bus system 

Purchase of NEC's I2C bus system hardware components conveys a license under the Philips I2C patents rights 
to use this components in an I2C system, provided that the system conforms the I2C standard specifications as 
defined by Philips. 

Consequently for all ROM based components with I2C hardware circuits the user is kindly requested to notify the 
use of the I2C bus interface at the ROM code verification stage. 
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BLOCK DIAGRAM 
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List of mPD1 7052 functions 



CHARACTERISTIC 


FUNCTION 


Program Memory 


• 1 6 K bytes (8.1 92 steps x 1 6 bits) 

Table reference area 256 steps x 16 bits 
Area serving also as CROM : 2,048 steps x 16bits 


Data Memory 


• 448 words (448 words x 4 bits) 

Data buffer : 4 words. 
General -purpose register 16 words 
Area also serving as VRAM : 224 words x 4 bits 


System Register 


• 12 words 


Register File 


• 24 words 


Port Register 


• 11 words 


Instruction Execution Time 


• 2 jus, using an 8 MHz ceramic oscillator 


Stack Levels 


• 6 levels (stack operation available) 


General-Purpose-Ports 


• Input/output ports 

• Input ports 

• Output ports 


20 
4 
20 


IDC (Image Display 
Controller) 


• Number of display character 

• Display position 

• Character set 

• Character type 

• Colors 

• Character size 


Max. 99 characters per screen 

14 lines x 19 columns 

128 characters (user programmable) 

(64 different characters can be displayed in 

one screen simultaneously.) 

10x15 dots 

8 colors 

4 sizes in vertical direction (14, 28,42, 
56H) 

4 sizes in horizontal direction (2.5, 5.0, 
7.5, 10.0 jus) 

Can be specified in vertical and horizontal 
directions independently. 


Serial Interface 


• One system (two channels) 

8-bit 3-wire type : one channel 
8-bit 2 -wire type one channel 


D/A Converter 


• 14 bits x 1 

(PWM output, withstanding voltage : Max. 12.5 V) 

• 6 bits x 4 

(PWM output, withstanding voltage : Max. 12.5 V) 


A/D Converter 


• 4 bits x 8 

(sequential comparison by means of software) 


Interruption 


• 4 channels (maskable interrupt) 

External interrupt : 3 channels (RMC pin, Vsync Pi"* seri a' interface) 
Internal interrupt : One channel (timer) 
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CHARACTERISTIC 


FUNCTION 


Timer 


• Two system 

Internal timer : 5, 20, 100 ms 

External timer 1/5 and 1/6 of frequency input to PIB3/TMIN pin 


Reset 


• Power ON reset (When the power is input) 

• Resetting by CE pin (CE pin Low -> High) 

• Power failure detection 


Power Supply Voltage 


• 5 V±10% 


Package 


• 64-pin plastic shrink DIP (750 mil) 
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PIN No. 


SYMBOL 


PIN NAME 


DESCRIPTION 


OUTPUT TYPE 


1 

to 
4 


P1D 3 

to 
P1D 


PortID 


4-bit output ports. The latch of port 1 D is assigned to 
address 73H of Bank 1 of the data memory (RAM). 
The output state is undefined at the time when the 
power (Vqq) is applied initially. 


CMOS 
push-pull 


5 
to 
8 


P2A 3 
to 
P2A 


Port 2A 


4-bit input/output ports. These ports can be specified 
for input/output on a bit-by-bit basis. The setting of 
input/output is performed by using the P1 BBIO word 
(35H) on the register file. The latch of the port is 
assigned to address 70H of Bank 2 of the data memory 
(RAM). 


CMOS 
push-pull (I/O) 


9 
10 
11 
12 


PIB3/TMIN 
P1B 2 
P1Bi 
P1B 


Port 1B 


4-bit input/output ports. These ports can be specified 
for input/output on a bit-by-bit basis. The setting of 
input/output is performed by using the P1BBIO word 
(35H) on the register file. The latch of the port is 
assigned to address 71 H of Bank 1 of the data memory 
(RAM). P1 B3/TMIN can also be used as input to an 
external timer. It is possible to make an interrupt with 
a frequency equivalent to one-fifth or one-sixth the 
frequency input to this pin. Normally, the commercial 
power supply frequency is input to this pin for use as 
the reference clock. 


CMOS 
push-pull (I/O) 


13 


CE 


Chip enable 


Device selection signal input pin. Set the pin at the high 
level to put the device in normal operation. Set the pin 
at the low level if the device is not used. When the pin 
is at the low level, executing the STOP instruction 
causes the clock oscillation to stop, making backup with 
a low current possible. The STOP instruction is effec- 
tive only when the CE pin is at the low level. The 
instruction is in effect the same as the NOP instruction 
when the CE pin is at the high level. The pin also serves 
as a reset pin. Changing the CE pin from the low level 
to the high level causes the device to be reset and the 
program to start from address 0. If the device is reset, 
the bank is made and the I/O ports are put in the 
input mode. 


Input 


14 


VDD 


Power 


Device power pin. Supply a voltage of 5 V ±10 % to 
when activating all functions. If the IDC is not used, 
apply a voltage of 4 to 5.5 V. To retain the data of 
RAM (when the clock oscillation is stopped), the 
voltage may be dropped to 2.5 V. Since the juPD17052 
has a built-in power On reset circuit, if the voltage 
changes from to 4.0 V, the system is reset and the 
program starts from address 0. To operate the Power 
On reset circuit properly, it is necessary to limit the rise 
time from to 4.0 V to 550 ms or less. 




15 
16 


osc OUT 
OSC, N 


LC 
oscillation 


LC oscillation circuit pin for the IDC. 
Oscillation is made at 4 MHz. 


CMOS 
push-pull (OSCqut) 
INPUT (OSC| N ) 


17 


GND 


Ground 


Device grounding pin. 
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PIN No. 


SYMBOL 


PIN NAME 


DESCRIPTION 


OUTPUT TYPE 


18 
to 
21 


P1A 3 

to 
P1A 


Port 1A 


4-bit output port. The latch of the port is assigned to 
address 70H of Bank 1 of the data memory (RAM). 
N-ch open drain type, (medium withstanding voltage, 
large current) 


N-ch 
open drain 


22 


PWM RM p 


Tuning D/A 
converter output 


Port for the output of the 14-bit D/A (Digital-to-Analog) 
converter for a voltage synthesizer, or port for the output 
of one bit. The D/A converter outputs pulses made up 
of a combination of 9-bit PWM (Pulse Width Modulation) 
and 5-bit RMP (Rate Multiplier). D/A conversion is 
therefore possible by connecting a simple external CR 
filter. The output is at the low level when Power On 
is reset or when the clock is stopped. 


N-ch 
open drain 


23 
to 
26 


PWM3 

to 
PWM 


D/A converter 


VDP (Variable Duty Port), or port for the output one bit. 
The VDP function is to output pulses of a frequency of 
15,625 kHz continuously. The duty of the pulse can be 
made variable in 64 steps by means of a program. 


N-ch 
open drain 


27 
28 


XoUT 
X|N 


Oscillator 


CPU oscillation circuit pin. Used to connect a ceramic 
oscillator or a crystal oscillator. Use an 8 MHz oscillator. 


CMOS 
push-pull (XO) 
Input (XI) 


29 
30 
31 


RED 
GREEN 
BLUE 


Character 
signal output 


Pins to output character data corresponding to R, G and 
B. Output is in active High. 


CMOS 
push-pull 


32 


BLANK 


Blanking 
signal output 


Pin to output blanking signals to cut image signals. Out- 
put is in active High. 


CMOS 
push-pull 


33 


VSYNC 


Vertical 
synchronization 
signal input 


Pin to input vertical synchronization signals for the IDC. 
Input in active Low. It is possible to make an interrupt 
with this signal. 


Input 


34 


HSYNC 


Horizontal 
synchronization 
signal input 


Pin to input horizontal synchronization signals for the 
IDC. Input in active Low. 


Input 


35 
36 
37 
38 


POB3/HSCNT 
P0B 2 
POBt 
P0B /SI 


Port 0B 


4-bit input/output ports. For these ports, it is possible to 
specify input/output on a bit by bit basis. The setting is 
made with the P0BBIO word (36H) on the register file. 
The latch of the port is assigned to address 71 H of Bank 
of the data memory (RAM). The POBq/SI pin can 
also serve as a data input pin of a serial interface (juCOM 
standard mode). The POB3/HSCNT pin can also serve as an 
input pin of the horizontal synchronization signal counter. 
This pin is always self-biased (Vdd/2)- Port 0B is for 
input when the power (Vqd) is input initially, the clock 
stops, or resetting is done by the CE pin (Low-* High). 


CMOS 
push-pull (I/O). 

provided 
POB3/HSCNT is 
self-biased at the 
time of input. 


39 
40 
41 
42 


POA3/SO 
POA2/SCK 
POA-i/SCL 
POAq/SDA 


Port OA 


4-bit input/output ports. These ports can be specified for 
input/output on a bit-by-bit basis. The setting is made 
with the P0ABIO word (37H) on the register file. The 
latch of the port is assigned to address 70H of Bank 
of the data memory. The POA3 pin can be used as a data 
output pin of a serial interface (/xCMOS standard mode) 
and the POA2/SCK pin as a shift clock input/output pin. 
The POAq/SDA pin can be used as a data input/output 
pin of a serial interface (two-wire mode and mCOM stan- 
dard mode), and the P0A-|/SCL pin as a shift clock input/ 
output pin. 


CMOS 
push-pull 
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PIN No. 


SYMBOL 


PIN NAME 


DESCRIPTION 


OUTPUT TYPE 


43 
to 
46 


P2B 3 

to 
P2B 


Port2B 


4-bit output port. The latch of the port is assigned to 
address 71 H of Bank 2 of the data memory (RAM). 
N-ch open drain (medium withstanding voltage). 


N-ch 
open drain 


47 

to 
50 


P2C 3 

to 
P2C 


Port 2C 


4-bit output port. The latch of the port is assigned to 
address 72 of Bank 2 of the data memory (RAM). 
N-ch open drain, (medium withstanding voltage) 


N-ch 
open drain 


51 
to 
54 


P0C 3 

to 
P0C 


Port 0C 


4-bit output port. The latch of Port 0C is assigned to 
address 72H of Bank of the data memory ( RAM) . 
The output state is indefinite when the power (N/qq) 
is input initially. 


CMOS 
push-pull 


55 
56 
57 
58 


PIC3 
PIC2/ADC7 
PICt/ADCg 
PIC0/ADC5 


Port 1C 


4-bit input/output port or A/D converter pin. The setting 
of input/output is made every 4 bits. The P1CGIO bit 
(bit #0 of address 27H) on the register file is used for 
input/output specification. It is necessary to specify 
input without fail when used as an A/D converter. The 
latch of the port is assigned to address 72 of Bank 1 of 
the data memory (RAM). Port 1C is for input when the 
power (Vdd) is applied for the first time, the clock is 
stopped or resetting is made with the CE pin (Low 
High). 


CMOS 
push-pull (I/O) 


59 
60 
61 
62 


POD3/ADC4 
P0D 2 /ADC 3 
P0D-|/ADC 2 
PODq/ADCt 


Port 0D 


4-bit input port. This port can also be used as an A/D 
converter. When used as a port, a pull -down resistance 
(100 k« TYP.) is attached. The latch of Port 0D is 
assigned to address 73H of the data memory (RAM). 


Input (with 
pull-down 
resistance) 


63 


ADCq 


A/D 
converter input 


A/D (Analog to Digital) converter input pin. The con- 
verter is a 4-bit built-in A/D converter employing pro- 
grammed sequential comparison. The reference voltage 
of the A/D converter is Vqd. 


Input 


64 


RMC 


Interrupt 
signal input 


Interrupt input pin with a noise canceller. Signals with a 
high level of noise, such as remote control signals, can 
be programmed easily by using this pin. It is possible 
to specify by means of a program whether an interrupt 
is made at the rise or at the fall of an input signal to this 
pin. Specifically, an interrupt is made at the rise or at 
the fall of the signal depending on whether the IEDG1 
flag is reset or set, respectively. At the time of resetting 
(CE pin: Low -*-High), the IEDG1 flag is reset and an 
interrupt is made at the edge of the rise. 


Input 
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PIN EQUIVALENT CIRCUITS 

POA (POA3/SO, P0A 2 /SCK) 
POB (P0B 2 ,P0B 1 ,P0B /Sl) 
P1B (P1B 2 ,P1B 1 ,P1B ) 

PICIPICs^PICs/ADCy^PICT/ADCe^lCo/ADCB) 
P2A (P2A 3 , P2A 2 , P2At , P2A ) 




POA (POAt/SCL, POAq/SDA) 




(IN/OUT) 




POC (P0C 3 , P0C 2 , POCt , POC ) 
P1D (P1D 3 ,P1 D2,P1D 1# P1D ) 
RED, GREEN, BLUE, BLANK 



Ih 
lh 



(OUT) 
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PWM (PWM 3 , PWM 2 , PWM-, , PWM , PWM rmp ) 
P1 A (P1 A 3 , P1 A 2 , P1 A, , P1 A ) 
P2B (P2B 3 , P2B 2/ P2Bt , P2B ) 
P2C (P2C 3 , P2C 2 , P2C-, , P2C ) 




(OUT) 



POD (P0D 3 /ADC 4 , P0D 2 /ADC 3 , P0D 1 /ADC 2 , PODq/ADCt ) 




ADC 
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/iPD 17052 instructions 
Instruction set 








1 








ADD r, m 


ADD m, # i 


1 


1 


SUB r, m 


SUB m, # i 


10 


2 


ADDC r, m 


ADDC m , # i 


11 


3 


SUBC r, m 


SUBC m, ' # i 


10 


4 


AND r, m 


AND m, # i 


10 1 


5 


XOR r, m 


XOR m, # i 


110 


6 


OR r, m 


OR m, $ i 


111 


7 


INC AR 

INC I X 

MOVT DBF, OAR 

BR @ A R 

CALL @ A R 

RET 

E I 
D I 

RET I 

n it p u a r> 

PUSH A R 
POP AR 
GET DBF, p 
PUT p, DBF 
PEEK WR, r f 
POKE r f, WR 
RORC r 
STOP 
HALT h 
NOP 




10 


8 


L D r , m 


ST m, r 


10 1 


9 


S KE m, # i 


SKGE m, # i 


10 10 


A 


MOV @ r , m 


MOV m, @ r 


10 11 


B 


S KNE m, # i 


S KLT m, # i 


110 


C 


BR addr 
(page ) 


CALL addr 
(page ) 


110 1 


D 


br ; dd ' 

(page 1 ) 


MOV m, # i 


1110 


E 


^ addr 

BR 

(page 2 ) 


S K T m, # n 


1111 


F 


BR addr 
(page 3 ) 


SKF m, # n 
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NOTE 



M 


One of Data memory specified by [(BANK).m] 


IX 


Index register 


STACK 


Stack of (PC), (BANK), (IXE) 




Data memory address specified by [ro^ , m^J of each bank 


IXE 


Index enable flag 


STACKp C 


Stack of (PC) 


"Hi 


Data memory address high (Row address) ; [Sbits] 


DBF 


Data buffer 


BANK 


Bank register 




Data memory address low (Column address) ; [4bits] 


WR 


Window register 


(ROM)p C 


One of Program memory data specified by (PC) 


R 


One of General register specified by [(RP),r] 


MP 


Memory pointer 


INTEF 


Interrupt enable flag 




General register address low ; [4bits] 


MPE 


Memory pointer enable flag 


SGR 


Program memory segment register 


RP 


General register pointer 


PE 


Peripheral 




Immediate data ; [4bits] 


RF 


One of register file specified by rf 


P 


Peripheral address 




Bit position ; [4tats] 


rf 


Register file address specified by [rf H ,rf L ] 


Ph 


Peripheral address high 


addr 


One of program memory address ; [Mats] 




Register file address high 


Pl 


Peripheral address low 


CY 


Carry flag 


4 


Register file address low 


PC 


Program memory counter 


h 


Halt release conditions 


AR 


Address register 


SP 


Stack pointer 


[ I 


Address of M,R,RF 










( ) 


Contents of M,R,RF,AR,IX,DBF, WR.PE 





Mnemonic 


Operand 


Function 


Operation 


Machine code 


Operan di code 




Addition 


ADD 


r ,m 


Add Data memory to General register 


(R),(CYMR)+(M) 


00000 


m H 


m L 


r 


m, #i 


Add immediate data to Data memory- 


(M),(CY)«-(M)+i 


10000 


m H 


m L 


i 


ADDC 


r,m 


Add Data memory to General register 
with carry 


(R),(CYHR)+(M)+(CY) 


00010 


m H 


m L 


r 


m, #i 


Add immediate data to Data memory 
with carry 


(M),(CYMM)+i + (CY) 


10010 


m H 


m L 


i 


INC 


AR 


Increment Address register 


(ARMARJ+1 


00111 


000 


1001 


0000 


IX 


Increment Index register 


(IXMIXRl 


00111 


000 


1000 


0000 


Subtraction 


SUB 


r , m 


Subtract Data memory from General 
register 


(RMCYMR)-(M) 


00001 


m H 


m L 


r 


m, #i 


Subtract immediate data from Data 
memory 


(MMCYMM)-i 


10001 


m H 


m L 


i 


SUBC 


r ,m 


Subtract Data memory from General 
register with borrow 


(R),(CYMR)-(M)-(CY) 


00011 


m H 


m L 


r 


m, #i 


Subtract immediate data from Data 
memory with borrow 


(MMCYMM)-i-(CY) 


10011 


m H 


m L 




Conparison 


SKE 


m, #i 


Skip if Data memory equals immediate 
data 


(M)-i& 
skip if zero 


01001 


m H 


m L 




SKGE 


m, #i 


Skip if Data memory is greater than or 
equal to immediate data 


(MH & 

skip if not borrow 


11001 


m H 


m L 




SKLT 


m, #i 


Skip if Data memory is less than 
immediate data 


(M)-i& 
skip if borrow 


11011 


m H 


m L 




SKNE 


m, #i 


Skip if Data memory not equal 
immediate data 


(M)-i & 
skip if not zero 


01011 


m H 


m L 




Logical operation 


AND 


m, #i 


Logic AND of Data memory and 
immediate data 


(M)«-(M) AND i 


10100 


m H 


m L 




r ,m 


Logic AND of General register and 
Data memory 


(RMR) AND (M) 


00100 


m H 


m L 


r 


OR 


m, #i 


Logic OR of Data memory and immediate 
data 


(MMM) OR i 


10110 


m H 


m L 


i 


r ,m 


Logic OR of General register and Data 
memory 


(RMR) OR (M) 


00110 


m H 


m L 


r 


XOR 


m, #i 


Exclusive Logic OR of Data memory and 
immediate data 


(MMM) XOR i 


10101 


m H 


m L 


i 


r , m 


Exclusive Logic OR of General register 
and Data memory 


(RMR) XOR (M) 


00101 


m H 




r 
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Mnemonic 


Operand 


Function 


Operation 


Machine code 






Operation code 






ID 


r,m 


Load Data memory to General register 


(R)-(M) 


01000 


m H 


m L 


r 




ST 




Store General register to Data memory 


(M)«-(R) 


11000 


m H 


™L 


r 






@r,m 


Move Data memory to Destination data 


if MPE=1:[(MP),(R)HM) 


01010 


m H 


m L 








memory referring to General register 


if MPE=0:[(m H ),(R)]<-(M) 


r 




MOV 


m, @r 


Move Source data memory referring to 


if MPE=1:(M)«-[(MP),(R)] 


11010 


m H 


m L 








General register to Data memory 


if MPE=0:(M)<-[(m H ),(R)] 


r 






m, #i 


Move immediate data to Data memory 


(M)«-i 


11101 


m H 


m L 


i 


b 
1 


MOVT 


DBF, @AR 


Move Program memory data specified by 
Address register to Data buffer 


lo 1 /YU\p C )«-irV,) <£ irv,}«-v\KJ & 
(DBFMR0M) PC & (PC)«-(STACK PC ) 


00111 


000 


0001 


0000 




PUSH 


AR 


Decrement Stack pointer, then move 
Address register to Stack 


(SP)«-(SP)-1 & 
(STACK PC )<-(AR) 


00111 


000 


1101 


0000 




POP 


AR 


Move Stack to Address register, then 
increment Stack pointer 


(AR)+-(STACK PC ) & 
(SP)«-(SP)+1 


00111 


000 


1100 


0000 




PEEK 


WR.rf 


Get data of Register file to Window 
register 


(WRMRF) 


00111 


rf H 


0011 


rf L 




POKE 


rf.WR 


Put data of Window register into Register 
file 


(RFMWR) 


00111 


rf H 


0010 


rf L 




GET 


DBF.p 


Get peripheral data to Data buffer 


(DBF)HPE) 


00111 


Ph 


1011 


Pl 




PUT 


p.DBF 


Put data of Data buffer to peripheral 


(PEMDBF) 


00111 


Ph 


1010 


Pi. 




SKT 


m, #n 


Test Data memory bits, 


if (M) n =all "1", 


11110 


m H 


m L 


n 


s 


then skip if all bits specified are true 


then skip 


1 


SKF 


m, #n 


Test Data memory bits, 


if (M) B =all "0", 


11111 


m H 


m L 


n 




then skip if all bits specified are false 


then skip 








Jump to the address in page 


(PC)-addr&(PC) J12 H),(PC) sll H) 


01100 












addr 


Jump to the address in page 1 


(PC)«-addr&(PC)„,H),(PC)„ 1 < -l 


01101 


addr (11 bits) 


§ 


BR 


Jump to the address in page 2 


(PQ«-addr&(PQ„,H.(PQ,„H) 


omo 


PQ 




Jump to the address in page 3 


(Pf)<-ar1Hr & (PC) H IPC) H 


01111 












<?AR 


Jump to the address specified by Address 
register 


(PCMAR) 


00111 


000 


0100 


0000 




















1 


RORC 


r 


Rotate General register right with carry 


L<R),3-(R) S2 -(R), 1 -»(R) M -' 


00111 


000 


0111 


r 










/CD\ /CD\ 1 P 














addr 


Call subroutine in page 


(STACK PC M(PC)+ 1) & 


11100 


addr 


dibits) 




CALL 






(PC) «_n & lVC)*-a(\(\r 
















\oi )*— [or ) 1 a 










1 




@AR 


Call subroutine 


(STACK PC )<-((PC)+1) & 


00111 


000 


1110 


0000 








(PC)<-(AR) 










Subrou 


RET 




Return to main routine from subroutine 


(PCMSTACK PC ) & 
(SPMSP)+1 


00111 


001 


1110 


0000 




RETSK 




Return to main routine from subroutine, 
then skip unconditionary 


(PC)-(STACK PC ) & 
(SPMSP)+1 & and skip 


00111 


100 


1110 


0000 




RETI 




Return to main routine from interrupt 
service routine 


(PC),(BANK),(IXEMSTACK)& 
(SP)-(SP)+ 1 


00111 


000 


0101 


0000 




EI 




Enable interrupt 


INTEF^-1 


00111 


000 


mi 


0000 




DI 




Disable interrupt 


INTEF^-0 


00111 


001 


mi 


0000 




STOP 





Stop clock if CE=low 


stop clock if CE=low 


00111 


010 


mi 


0000 




HALT 


h 


Halt the CPU, Restart by condition h 


halt 


00111 


011 


mi 


h 




NOP 




No operation 




00111 


100 


nil 


0000 
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ELECTRIC CHARACTERISTICS (PROVISIONAL) 

ABSOLUTE MAXIMUM RATINGS 

Power Supply Voltage V DD -0.3 to +6.0 V 

Input Voltage V| -0.3 to V DD V 

Output Voltage V -0.3 to V DD V 

Output Absorption Current Iq 10 mA 

Withstanding Output Voltage V BD s 13 (P1 A, P2B, P2C, PWM) V 

Operating Temperature T a —20 to +70 °C 

Storage Temperature T stg —55 to +125 °C 



RECOMMENDED OPERATING CONDITIONS 



CHARACTERISTIC 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


Power Supply Voltage 


v DD1 


4.5 


5.0 


5.5 


V 


All function activated 


Power Supply Voltage 


V DD2 


4.0 


5.0 


5.5 


V 


Only IDC stopped 


Data Storing Voltage 


V D R 


23 




5.5 


V 


Clock oscillation stopped 


Withstanding Output 
Voltage 


V BDS 






12.5 


V 


P1A.P2B.P2C.PWM 


Power Supply Voltage 
Rise Time 


Vise 






500 


ms 


V DD : 0-4.0 V 
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DC CHARACTERISTICS (T a = -20 to +70 °C, V D D = 4.0 to 5.5 V) 



CHARACTERISTIC 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


Power Supply Current 


'DD1 




7 


15 


mA 


CPU in operation, IDC in operation 
V DD =5.5 V 


Power Supply Current 


'DD2 




3.5 


15 


mA 


CPU in operation, IDC stopped 

V DD =5.5 V 


High Level Input Voltage 


V m i 


0.7 V DD 






V 


P0A, P0B, POD, P1 B, P1C, P2A 


High Level Input Voltage 


V IH2 


0.8 V DD 






V 


CE, RMC, VsYNC HsYNC 


Low Level Input Voltage 


V|L1 






0.3 V DD 


V 


P0A, P0B, POD, P1 B, P1 C, P2A 


Low Level Input Voltage 


V|L2 






0.2 V DD 


V 


CE.RMC, VsYNC. HsYNC 


High Level Output Current 


•oh 




-2 


-1 


mA 


DnA« Dr»A-> dad onr did dio 
rUA2, rUB, rUv*, r 1 b, rl O, 

p1 d, red, green, blue, blank 
v oh=Vdd-"> v 


Low Level Output Current 


<OL1 


2 


3 




mA 


P0A, P0B, P0C, P1 B, P1C, P1 D, 
RED. GREEN, BLUE. BLANK 

V L=1 V 


Low Level Output Current 


'OL2 


15 


20 




mA 


P1A V L=1 V 


Low Level Output Current 


'OL3 


1 


2 




mA 


PWM.P2B.P2C V L=1 V 


High Level Input Current 


>IH 




50 




MA 


POD, pull-down time 


Data Storing Current 


•dr 






10 


ma 


Clock oscillation stopped 

T a =25°C, V DD =5.5 V 


Output Leak 


"l 






1 


ma 


P0A . P0A! , P1 A. P2B, P2C, PWM 
V H=5 V 



AC CHARACTERISTICS 



CHARACTERISTIC 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


Input Frequency 


*TMR 


50 




60 


Hz 


PIB3/TMIN 


Input Frequency 


f HS 


10 




20 


kHz 


POB3/HSCNT 
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BUILT-IN IMAGE DISPLAY CONTROLLER 



The /iPD17053 is a 4 bits CMOS microcontroller incorporating Image Display Controller (IDC) and 14 bits D/A 
converter into one chip for digital tuning of voltage synthesizer system of TV. 

Image Display Controller has various display function showing not only letters but also drawings. 

Fonts of IDC are selected by user's program and effective debugging can be realized by actual indications from 
the beginning of software development. 

In addition, Hsync. counter for station detection and serial interface for communication with other peripheral 
devices are incorporated, also 4 bits A/D converter and 6 bits D/A converter (PWM output) are incorporated. 

CPU applies juPD17000 architecture which operates data memory directly without accumulater, and it realizes 
effective programming. 

All instruction consist of 16 bits one word. 

As system development support tool of //PD17053, IE-17K (In Circuit Emulator) and assembler are prepared. 



FEATURES 

• 4 bits microcontroller for digital tuning system 

• built-in 14 bits D/A converter 

• single power supply (5 V ±10 %) 

• CMOS with low power consumption 

• program memory (ROM): 

24K byte (16 bits x 12,288 steps) 

• data memory (RAM): 4 bits x 672 words 

• stack level: 7 levels 

• easy to understand instruction set with 36 types 

• capable of decimal arithmetic 

• instruction execution time: 

2 jus (with 8 MHz ceramic resonator connected) 

• IDC (Image Display Controller) built-in 

(user programmable) 

• number of display character: 

199 characters (max. in one screen) 

• display location: 14 lines x 19 columns 

• number of character types: 256 types 

• character format: 

10 x 15 dots (capable of fringe function) 



• character color: 8 colors 

• character size: 

4 types of setting is available independently 
both for line and column, (14, 28, 42, 56H) 

• built-in 8 bits serial interface: 

(1 system 2 channel: 3 wire and 2 wire system) 

• built-in D/A converter: 6 bits x 4 (PWM output) 

• built-in A/D converter: 4 bits x 8 

• built-in H.sync. signal counter 

• built-in commercial power supply freq. counter 

• built-in blackout detection circuit and power-on- 
reset circuit. 

• interrupt input for remote control signal (with 
noise canceler) 

• plentiful I/O ports: input output port : 20 

input port 4 
output port 20 

• 64 pin plastic shrink DIP (750 mil) 



Notes on Serial interface: 

The 2-wire mode corresponds to the l2C-Bus specification from Philips. 
In case of using this interface mode note the following: 

Duties when using I2C bus system 

Purchase of NEC's I2C bus system hardware components conveys a license under the Philips I2C patents rights 
to use this components in an I2C system, provided that the system conforms the I2C standard specifications as 
defined by Philips. 

Consequently for all ROM based components with I2C hardware circuits the user is kindly requested to notify the 
use of the I2C bus interface at the ROM code verification stage. 
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PIN CONFIGURATION (Top View) 



with 

pull-down < 
resister 



N-ch 

open drain 
(12 V MAX) 



N-ch 
> open drain 
(12 V MAX) 



N-ch 

open drain 



54] 

53 | »0 F 



) VsYNC 
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BLOCK DIAGRAM 



OSC|N O- 



OSC UT°- 



HSYNC <>fo- 
VSYNC 



RED O- 
GREEN O- 



POAq/SDA Q- 
POA-i/SCLO- 
P0A 2 /SCK O- 



Osci- 

llation 

circuit 




-A 
V 



POB3/HSCNT O— i |Hsync Counter ^ ^ 



POCqO 
POCt O- 
P0C 2 O 




PIB3/TMIN0 



\ / 




RAM 
672 x 4 bits 



ROM 
1 2.288 x 16 bits 



^ ^Progr^ Counter j 



Stack 
7x14 bits 
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V 



Instruction 
Decoder 



-O PWM RMP 
-O PWMq 



-v 



-O PWM-i 
-O PWM 2 
-O PWM3 

-O P1D 
-O P1D-| 
-O P1 D 2 
— O PID3 

-O P2A 
-O P2At 
-O P2A 2 
-O P2A 3 

-O P2B 



— O P2Bt 
— O P2B 2 
— O P2B3 

-O P2C 
— O P2C-! 
— O P2C 2 
— O P2C 3 



■< 



-O.Xin 
-° XQUT 



-o v DD 

-O CE 
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SINGLE-CHIP MICROCONTROLLER 



The juPD17102 is a four-bit single chip microcontroller which has a built-in LCD controller, D/A converter, and 
operational amplifier. This CPU uses the ^PD17000 architecture, allowing data transfer and operation between data 
memory areas or between data memory areas and peripheral circuits with only one instruction. It also supports 
16-bit (1 -word) instructions. 

FEATURES 

• (jPDI 7000 architecture 

• Program memory (ROM) : 4K bytes (2048 x 16 bits) 

• Data memory (RAM) : 208 words (208 x 4 bits) 

• Command execution time : 2.0 fjts (8 MHz, ceramic/crystal oscillator) 

• Interrupting function (Internal: 3, and external: 2) 

• 8-bit timer/counter : 2 channels (built-in modulo) 

• 8-bit serial interface 

• 2-channel complete CMOS operational amplifier 

(Two operation modes available: NORMAL and SAMPLE/HOLD) 

• 4-channel multiplexer input comparator 

• 6-bit D/A converter 

• Feasible to realize the 4-channel 6-bit A/D conversion function using the above-mentioned comparator and 
D/A converter 

• LCD controller/driver 

(14SEGMENT x 2COMMON, 13SEGMENT x 3COMMON, and 12SEGMENT x 4COMMON) 

• Zero-cross detection selectable 

• Standby function (Stop/Halt) 



USE: 



Electronic rice cooker and blood pressure meter, etc. 



ORDERING INFORMATION 

Order Code 



Package 



MPD17102G-XXX-00 
/iPD17102G-XXX-03 



52-pin plastic QFP (bent lead) 
52-pin plastic QFP (straight lead) 
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OUTLINE OF FUNCTIONS 

• /iPD 17000 architecture 



• Program memory (ROM) 

• Data memory (RAM) 



4K bytes (2048 x 16 bits) 
222 words (222 x 4 bits) 
3 levels 

2 fjs (when operated at 5.0 V and 8 MHz) 
(Internal: 3, and external: 2) 
2 CH (with modulo integrated) 



• Stack level : 3 

• Instruction cycle : 2 

• Interrupting function (I 



• 8-bit timer/counter : 2 



• 8-bit serial interface 

• 2-channel complete CMOS operational amplifier 

(Two operation modes available: NORMAL and SAMPLE/HOLD) 

• 4-channel input comparator with multiplexer 

• 6-bit D/A converter 

• Feasible to realize 4-channel, 6-bit A/D conversion function using the above-mentioned comparator and D/A 



• LCD controller (14SEGMENT x 2COMMON, 13SEGMENT x 3COMMON, and 12SEGMENT x 4COMMON) 

• Zero-cross detecting function 

• Standby function (STOP/HALT) 

• Data/memory low supply voltage holding function 

• Oscillator circuit for system clock (ceramic and crystal) 

• Single power unit (3.0 to 6.0 V, but 4.5 to 6.0 V when the operational amplifier is used) 



converter 
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PIN CONFIGURATION (Top View) 
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O x OUT 
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1. OUTLINE 

The /iPD17102 is a 4-bit single chip microcontroller which integrates all the following circuits on one chip: 4-bit 
ALU, program memory (ROM), data memory (RAM), I/O ports, timer/event counter, serial interface, vector inter- 
rupt circuit. 

This chip using the ptPD17000 Series architecture has various built-in peripheral circuits including analog circuits, 
allowing the user to incorporate it into electrical appliances and intelligent units in a distributed system for home 
automation. 

For program development, NEC supports the in-circuit emulator (IE-17K), so that the user can debug programs 
easily by using the emulator together with the SE board for each product. 
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2. PIN FUNCTIONS 
2.1 Input/Output Ports 

2.1.1 P0A to P0A 3 (Port OA): Bi-directional input/output ports 

Port OA is a 4-bit input port (pins from POAq to POA3) with output latch circuits. 

This port is mapped to 70H at bank in the data memory space and accessed with normal data memory opera- 
tion instructions. The direction of input/output is switched for all four bits by the POAGIO value. Setting POAGIO 
to "1" outputs the value stored at 70H of bank to the pin and setting to "0" disables output and sets input mode. 

Regardless of the POAGIO value, the pin status can be read with a data memory reference instruction. The con- 
tents of the output latch remain unchanged unless the data at 70H of bank is rewritten. 

P0A o is shared by the timer 1 output pin TMOUT. It operates as TMOUT when PTOUTON in the register file 
is "0" and in normal input/output mode. 

When TMOUT is selected, this pin outputs "1" at time 1 reset and reverses the output each time the timer 1 
value matches the contents of the modulo register. At this time, this pin is set in output mode regardless of the 
POAGIO value. The pin status at this time can also be read with a data memory reference instruction. The output 
latch as POAq is independent of TMOUT, and therefore data can be written to 70H of bank even if the pin oper- 
ates as TMOUT and the data is output when PTOUTON is set to "0" while POAGIO is "1." 

PGA) to POA3 are shared by SCK, SO, and SI of the serial interface. The PAO pin is set in normal input/output 
mode when the SIOON value in the register file is "0" and used as the SIO pin when it is "1 ." 

In the port OA input/output format, either of the Nch open/drain input/output or Nch open/drain input/output 
with a built-in pull-up resistor is selectable by the mask option. In Nch open/drain input/output mode, the port has 
a 9 V withstanding voltage and is suitable for an interface with a circuit using a different supply voltage. By using the 
Nch open/drain input/output structure, a 2-wire serial interface can also be used. 

When SIOON is "1," data cannot be output to the SCK and SO pins as a port. Even if data is transferred to 
address 70H of bank 0, this data cannot be input to POA1 to POA3. At this time, only POA3 is available. 

When the SCK pin is in input mode, however, data can be written to the POA1 output latch. 
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Table 2-1 Port OA functions 



PTOUTON 


SIOON 


or* Arm 

POAo I O 


Write to bank 
0, 70H 


Read from 
bank 0, 70H 


Pin function 


P0A 


POAt 


P0A 2 


P0A 3 











All four bits are 
valid. 


Enable. 
(Pin status) 


POAq 
IN 


POA! 
IN 


P0A 2 
IN 


POA3 
IN 


1 


All four bits are 
valid. 


P0A 
OUT 


POAt 
OUT 


P0A 2 
OUT 


POA3 
OUT 


1 





Only P0A 
is valid. 


POAq 
IN 


SCK 


SO 


SI 


1 


Only P0A o 
is valid. 


P0A 
OUT 


1 








All four bits are 
valid 


TMOUT 


POAt 
IN 


P0A 2 
IN 


POA3 
IN 


1 


All four bits are 
valid. 


POAt 
OUT 


P0A 2 
OUT 


POA3 
OUT 


1 





Only P0A is 
valid. 


SCK 


SO 


SI 


1 


Only P0A is 
valid. 



Note: If data is written to 70H of bank when SIOON is "1," this data can be written to POAi only when the SCK pin 
is in input mode. 



2.1.2 P0B to POB3 (port OB), P0C to POC3 (port OC): Bi-directional input/output 

Ports OB and OC are 4-bit input/output pins with output latch circuits: From P0B to POB3 and from POCo to 
POC3. These ports are mapped to 71 H and 72H of bank in the data memory space, respectively and are accessed 
with normal data memory operation instructions like port OA. The direction of input/output is switched for all 
4-bits by the POBGIO or POCGIO value in the register file. Setting the value to "1" outputs the data at 71H or 72H 
of bank to the corresponding pin and "0" disables the output and sets the input mode. Regardless of the POBGIO 
and POCGIO values, the pin status is read when a data memory reference instruction is executed. At this time, the 
contents of the output latch remain unchanged. 

The input/output format of ports OB and OC is the CMOS (push/pull) type. 



Table 2-2 Functions of ports OB and OC 



POBGIO 
POCGIO 


Input/output 
direction of pin 


Write to bank 0, 71Hor 72H 


Read from bank 0, 71 H or 72H 





Input (output disable) 


Available 


Available (pin status input) 


1 


Output 
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2.1.3 POD to POD 3 (port D): Bi-directional input/output 

Port OD comprises 4-bit input/output pins with output latch circuits. It is mapped to 73H of bank in the data 
memory space. The input/output direction is switched by the PODGIO value in the register file. 

POD is shared with the AMP1 output pin AMP10UT, and P0D-| is shared with the AMP2 output pin AMP20UT. 
These bits are used in normal input/output mode when the AMP1EN or AMP2EN values in the register file are 
"0" and as AMP10UT and AMP20UT respectively when the values are "1." 

When AMP10UT and AMP20UT are selected, the pins are used as the AMP10UT and AMP20UT output pins, 
regardless of the PODGIO value. A data memory reference instruction reads the pin status regardless of the function 
selected for the pin. At this time, the pin potential is intermediate, the read value is undefined. The juPD17102 reads 
only at the moment the instruction is executed and disables other input circuits. Therefore, the through current does 
not flow through the input circuit. 

The PODq and PODt output latch circuits are independent of AMP10UT and AMP20UT. Therefore, data can be 
written to bank 0, 73H by setting AMP1EN and AMP2EN to "1" even if the pins operate as AMP10UT and 
AMP20UT. When PODGIO is "1," the pins output data as a port by setting AMP1 EN and AMP2EN to "0." 

The port OD input/output format is CMOS (push/pull) input/output. 



Table 2-3 Port OD functions 



AP1EN 
AP2EN 


PODGIO 


Write to 
bank 0, 73H 


Read from 
bank 0, 73H 


Pin function 


P0D 


PODt 


P0D 2 


P0D 3 








All four bits 
are valid. 


Enable. 
Pin status. 


PODqIN 


PODt IN 


P0D 2 in 


POD3 IN 


1 


P0D OUT 


PODt OUT 


P0D 2 OUT 


POD3 OUT 


1 





AMP10UT 


AMP20UT 


P0D 2 IN 


POD3 IN 


1 


P0D 2 OUT 


POD3 OUT 



Note: The AMP output control is selectable for AMP1 12 separately. 

2.1.4 P1A to PIA3 (port 1A): Input 

Port 1 A comprises 4-bit input pins. 

It is mapped to 70H of bank 1 in the data memory space. 

P1A and P1At are shared with AMP1 non-reverse input (AMP1IN+) and reverse input (AMP1 IN-), PI1A and 
P1A3 are shared with AMP2 non-reverse input (AMP2IN+) and reverse input (AMP2IN-). These pins are not 
switched and are always connected to both input circuits of the operator amplifier (analog input) and port (digital 
input). 

When used as analog input pins, apply an intermediate potential or AC voltage. If a data memory reference 
instruction is executed at this time, an undefined value is read. Similar to port 0D, the through current does not flow 
through the input circuit. 

Port 1A has three mask options: With pull-up resistor, with pull-down resistor, and with no built-in resistor. When 
the. pins are used as analog input pins, select the mask option for no built-in resistor. Otherwise, the pins may not 
operate normally. 

Output instructions to the port (data write to 70H in bank 1 ) are invalid. 
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Table 2-4 Port 1 A function 



Read from bank 1, 70H (logical input) 


Write to bank 1, 70H 


Analog input 


Enable 

(Pin status input) 

(Undefined at intermediate potential) 


Disable 


Always connected to AMP input. 



2.1.5 P1B to P1B 3 (port 1B): Input 
Port 1 B comprises 4-bit input pins. 
It is mapped to 71 H of bank 1 in the data memory space. 

Only one of these pins can be set as the input pin of the non-reserve input from the comparator by ADCCHO and 
ADCCH1. For more information, see Section 3.12. Similar to ports OD and 1A, the pin status of port 1B is read with 
the data memory reference instruction, regardless of the selected pin function, and the through current does not 
flow through the input circuit even if the intermediate potential is applied. 

Port 1B also has three mask options: With pull-up resistor, with pull-down resistor, and with no built-in resistor. 
When the pins are used as analog input pins, select the mask option for no built-in resistor. Otherwise, the pins may 
not operate normally. 

Output instructions to port 1 B (data write to 71 H in bank 1 ) are invalid. 



Table 2-5 Port 1B function 



Read from bank 1 , 71 H (logical input) 


Write to bank 1, 71 H 


Analog input 


Enable 

(Pin status input) 

(Undefined at intermediate potential) 


Disable 


Either pin is connected to 

the comparator input 

(by ADCCHO and ADCCH1). 



2.2 INTq, INT-j 

INTq and INT-i are interrupt request input pins for which the active rising or falling edge is selectable by IEG 
and IEG-| . At the rising or falling edge of the INTq or INTt signal selected by lEGrj and IEG-|,the interrupt request 
flag (IRQO, IRQ1) is set. 

To prevent malfunctions from noise, the pins has a built-in noise remover. The status of the pin for which noise 
is eliminated by the noise remover is read by referencing INTn and INTt in the register file with the PEEK instruc- 
tion, so that the pins are simply used as input pins. 

In addition, INTq/INT-i are the count clock input pins of timer 1/2, respectively, and are used when external 
clocks are selected as timer count clock sources. When sharing the timer input and INTq/INT-i interrupt request 
input, note that the INTq/INTt interrupt request flag is also set by the clock. 

The INTt pin is also used to detect zero-cross when ZCROSS in the register file is set to "1 ." 

2.3 CMPIN/DAC, V DD2 ,GND 2 

Vdd2 and GND2 are pins used to apply the reference voltage of the built-in 6-bit D/A converter. Apply the Vdd 
potential to V DD 2 and the GND potential to GND2. These two pins are separated from V DD and GND and can have 
separated digital and analog power sources. The applied voltage between the pins is divided into 2 6 steps (64 steps). 
The analog value corresponding to digital data stored in four bits of 72H and high-order two bits of 73H of bank 1 
in the data memory space is the D/A converter output. 

To output the D/A converter data from the CMPIN/DAC pin, set DACEN to "1" and CMPEN to "0" in the 
register file. 
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To use a comparator, set DACEN to "0" and CMPEN to "1" in the register file. At this time, the CMPIN/DAC 
pin operates as the reverse input pin of the comparator (CMPIN). Apply a voltage with the same potential as Vqd t0 
the Vqd2 P in - Also apply the same potential to GND 2 pin to minimize the current flowing through the D/A con- 
verter which is not used. 

When using the 6-bit D/A converter under program control, set DACEN to "1" and CMPEN to "1" in the register 
file. At this time, D/A converter data is not output externally, but is directly input to the comparator reverse input 
pin. Therefore, the CMPIN/DAC pin is not used. 



Table 2-6 V DD2 , GND 2 , and CMPIN/DAC functions 



DACEN 


CMPEN 


Vdd2 


GND 2 


CMPIN/DAC 


Function 








Vqd potential 


Vqd potential 


Vdd potential 


D/A converter and comparator 
are not used. 


Vdd2 


GND 2 


High 
impedance 


Initial state when the D/A 
converter is used (Note) . 





1 


Vqd potential 


Vqd potential 


CMPIN 


When the comparator is used. 


1 





VdD2 


GND 2 


DAC 


When the D/A converter is used. 


1 


1 


V DD2 


GND 2 


Vqd potential 


Used as D/A converter 



Vqd potential indicates that Vdd potential is applied externally. 



Note: DACEN and CMPEN are set to "0" at reset. 

2.4 V LCD 

V L cd is a Power supply pin for driving the liquid crystal display panel (LCD panel). 

Depending on the bias method used, it generates the 1/2 V L CD/ 1 /3 V L cd, and 2/3 V LCD voltages. When using 
LCDn to LCD13 as the output pins, apply the high voltage under the supply voltage (Vdd)- 

2.5 LCD to LCD 1t , COM 3 /LCD 12 , COM 2 /LCD 13 , COM 1f COM 

LCD to LCD 11f COM 3 , LCD 12 , COM 2 /LCD 13 , COM!, and COM are LCD panel segment driver pins used to 
select drive method, such as 14-segment 2-common, 13-segment 3-common, 12-segment 4-common. 

LCD to LCD 13 are used as output pins when LCDEN in the register file is "0." At this time, COM1 and COM 
are not used. 

For more information on the LCD panel, see Section 3.10. 



Table 2-7 LCD to LCDn , COM 3 /LCD 12 , COM 2 /LCD 13 , COM«,, and COM functions 



LCDEN 


LCDn to LCDn , COM 3 /LCD 12 , COM 2 /LCD 13 


COM^ COMn 





All are output pins. 


Not used 


1 


LCD drivers and common drivers 


Common drivers 



2.6 X| N , XquT 

X|n and Xqut are P ins used to connect the oscillation vibrator in the system clock generator. 



2.7 RESET 

RESET is a low-level active reset input pin. The reset has priority over all other operations. 
In addition to CPU initial start, this pin is also used to release standby mode. 
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2.8 V DD1 

Vqdi is a positive power supply pin. 

2.9 GND 1/ GND 2 

GNDi and GND2 are GND potential pins. Wire them so that the same potential is used externally. 



2 



2.10 Pin Mask Options 

The /-IPD17102 pins have the mask options listed below. These option can be selected bit according to purpose. 



Pin name 


IVTask option 


P0A to POA3 


(1) Nch open-drain input/output 

(2) Nch open-drain plus built-in pull-up resistor input/output 


P1A to PIA3 
P1B to PIB3 


(1 ) No built-in resistor 

(2) Built-in pull-up resistor 

(3) Built-in pull-down resistor 


INTq 
INT! 


(1) No built-in resistor 

(2) Built-in pull-up resistor 

(3) Built-in pull-down resistor 


RESET 


(1 ) No built-in resistor 

(2) Built-in pull-up resistor 
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2.11 Pin Input/Output Circuits 

The Input/output circuit of each pin of the /uPD1 71 02 is shown below in a partly simplified format: 
(1) P0A toP0A 3 

V D D 



Output disable - 



7 



Mask option 



3> 



77T 




(2) P0B to P0B 3/ P0C to P0C 3 , P0D to P0D 3 



V D D 



Output disable 



rrr 




Input buffer 
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(3) P1A to P1A 3 , P1B to P1B 3 , INT , INT! 



V D D 
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Table 2-8 Digital input/output port pin functions 



PIN NAME 


I/O 


COMBINED 
USE 


FUNCTION 


WHEN RESET 


POA 


Input/output 


TMOUT 


4-bit I/O port (port OA) 


High impedance (POAn input) 


POA<| 


SCK 


POA 2 


SO 


POA 3 


SI 


POBq to POB3 


Input/output 




4-bit I/O port (port OB) 
Large current (15 mA) 


High impedance (input) 


POCq to POC3 


Input/output 




4-bit I/O port (port OC) 
Large current (15 mA) 


High impedance (input) 


POD 


Input/output 


AMP1 OUT 


4-bit I/O port (port OD) 
Middle current (10 mA) 


High impedance (PODn input) 


POD-j 


AMP20UT 


POD2 to POD3 




High impedance (input) 


P1A 


Input 


AMP1 IN+ 


4-bit input port (port 1A) 


Input 


P1At 


AMP1IN- 


P1A 2 


AMP2IN+ 


PIA3 


AMP2IN- 


P1B 


Input 


ADC 


4-bit input port (port 1B) 


Input 


P1B-I 


ADC-i 


P1B 2 


ADC2 


PIB3 


ADC3 
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Table 2-9 Pins other than port pins 



Pin name 


Input/output 


Shared 


Function 


At reset 


INT 


Input 




Used as both the timer 1 count 
clock input pin and the external 
interrupt input pin. 


Input 




Input 




Used as the timer 2 count clock 
input pin and external interrupt 
input pin. 

Zero-cross detection function is 
selectable. 


Input 


TMOUT 


Output 


POA 


Timer 1 output pin 


POAq input 


SCK 


Input/output 


POAt 


Serial clock input/output pin 


POA-i input 


SO 


Output 


P0A 2 


Serial data output pin 


P0A 2 input 


SI 


Input 


POA3 


Serial data input pin 


POA3 input 


A It/ID 1 n\ IT 


Output 


"UUq 


AMP1 output pin 


rUUn input 


AMP20UT 


PODt 


AMP2 output pin 


POD-i input 


AMP1IN+ 


Input 


P1A 


AMP1 non-reversed input pin 


Input 


AMP1IN- 


P1At 


AMP1 reversed input pin 


AMP2IN+ 


P1A 2 


AMP2 non-reversed input pin 


AMP2IN- 


P1A 3 


AMP2 reversed input pin 


ADC to ADC 3 


Input 


P1 B to P1 B 3 


Comparator input pin 


Input 


V DD2 


Input 




D/A converter reference voltage 
input pin (high-potential side) 




GND 2 


Input 




D/A converter reference voltage 
input pin (low-potential side) 




CMPIN 


Input/output 


DAC 


Used as the D/A converter output 
pin and comparator input pin. 


High impedance 


LCD to 
LCDn 


Output 




LCD segment driver output pin. 
Also used as the output port. 


Output 


COM3 


Output 


LCD 12 


Used as the LCD common driver 
output and LCD segment driver 
pin. Also used as an output port. 


Output 


COM 2 


LCD 13 


COM , COM1 


Output 




LCD common driver output pin 


Output 


Vlcd 


Input 




LCD driver split potential setting 
pin 


Input 


RESET 


Input 




System reset input pin 


Input 


Vddi 






Positive power supply pin 




GND1 , GND3 






GND potential pin 




X|N« x OUT 






System clock oscillator pin 
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3. INTERNAL BLOCK 
3.1 Program Counter (PC) 

The program counter (PC) is an 1 1-bit binary counter that retains address data of the program memory (ROM). 



Fig. 3-1 Program counter configuration 



PC10 


PC9 


PC8 


PC7 


PC6 


PC5 


PC4 


PC 3 


PC2 


PC1 | PCO 



When the RESET signal goes to low, the PC is set to 0. 

Usually, the counter is incremented by one each time an instruction is executed. 

The CALL instruction saves the contents of the counter (return address) to the stack memory then loads the 
branch destination address to the counter. Return instructions (RET, RETSK, and RETI) load the contents of the 
stack memory (return address) to the counter. The branch instruction (BR) loads the branch destination address 
to the counter. The ROM data reference instruction (MOVT) temporarily loads the address at which the data to be 
referenced is stored to the counter. Take care with the level because the contents of the PC are saved to the stack 
memory immediately before the address is loaded. 

In Fig. 3-2, AHn, AMn, and ALn are addresses indicated by the instruction operand. (See Fig. 3-3.) ARmm is bit 
n in the address register (ARm) which contains the address to be loaded to the program counter. SP is the stack 
pointer which points to the contents of the stack memory. 



Fig. 3-2 Relationship between instructions and values to be loaded 





PC10 


PC9 


PC8 


PC7 


PC6 


PC5 


PC4 


PC3 


PC2 


PC1 


PCO 


RET, RETSK, RETI 


(SP) 


(SP) 


(SP) 


(SP) 


(SP) 


(SP) 


(SP) 


(SP) 


(SP) 


(SP) 


(SP) 


BR, CALL 


AH2 


AH1 


AHO 


AM3 


AM2 


AM1 


AMO 


AL3 


AL2 


AL1 


ALO 


BR@AR, CALL@AR, MOVT 


1 


1 


1 


AR13 


AR12 


AR11 


AR10 


AR03 


AR02 


AR01 


AR00 



Fig. 3-3 Instruction word configuration 



MSB Instruction LSB 



FH EH DH CH 


BH AH 


9H 


8H 


7H 


6H 


5H 


4H 


3H 


2H 


1H 


OH 


* I 


> T 


T 


T 


t 


T 


T 


t 


t 


t 


t 


T 


Operand codes 


AH 2 


AH1 


AHO 


AM3 


AM2 


AMI 


AMO 


AL3 


AL2 


AL1 


ALO 



: i 

Operand 
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7. ASSEMBLER RESERVED WORDS 

7.1 Mask Option Pseudo Instructions 

For coding /2PD17102 programs, a mask option must be specified in Assembler source programs with the mask 
option pseudo instruction. 

The following pins require the mask option: 

• P0A , P0A 1f P0A 2 , P0A 3 

• P1A , P1A 1f P1A 2 , PIA3 

• P1B , P1B 1f P1B 2 , PIB3 

• INT , INT1 

• RESET 

7.1.1 OPTION and ENDOP pseudo instructions 

From the OPTION pseudo instruction to the ENDOP pseudo instruction is referred to as the mask option defini- 
tion block. The format of this block is shown below. 

Only the six pseudo instructions explained in Section 7.1.2 can be input to the mask option definition block. 



Format: 



Symbol field 



Mnemonic field 



Operand field 



Comment field 



[level:] 



OPTION 



[comment:] 



ENDPOP 



7.1.2 Mask option definition pseudo instructions 

Table 7-1 lists the pseudo instruction that are allowed in the mask option definition block. 
An example for defining the mask option is shown below. 



Format: 



Symbol field 



Mnemonic field 



Operand field 



[level:] 



OPTP1A 




P1APLUP, P1 APLDW, OPEN , OPEN 



PI A1 and PIAq are open. 
' — - PIA2 is pull-down. 
— PIA3 is pull-up. 
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Table 7-1 Mask option definition pseudo instructions 



Pin name 


Mask option pseudo instruction 


Number of parameters 


Parameter name 


POAo to POA3 


OPTPOA 


4 


POAPLUP : Pull up 
urciN . vjpen 


P1A to PIA3 


OPTP1A 


4 


P1APLUP : Pull up 
P1APLDW : Pull down 
UrclN . upen 


D1 D +^ D1 D 

rl dq to PI D3 


OP I PI D 


4 


P1BPLUP : Pull up 

ni nni n\A/ . D..M . ..-. 
P^ dPLUW : Pull down 

OPEN : Open 


INTq 


OPTINTO 


1 


INTOPLUP : Pull up 
INTOPLDW : Pull down 
OPEN : Open 




OPTINT1 


1 


INT1PLUP : Pull up 
INT1PLDW : Pull down 
OPEN : Open 


RESET 


OPTRES 


1 


RESPLUP : Pull up 
OPEN : Open 



7.2 Reserved Symbols 

Table 7-2 lists the symbols defined in the juPD17102 device file. These defined symbols include the control 
register names, port names, and peripheral device names. 

(1) Control registers in register file 

The names of the control register assigned to data memory addresses 80H to BFH in bank are defined. These 
registers are accessible through the window register (WR) with the PEEK and POKE instructions. 

(2) Registers and ports in data memory 

Registers assigned to data memory addresses 00H to 7FH, and ports and system registers assigned to 70H and 
after are defined. 

(3) Peripheral circuits 

Peripheral circuits accessible with the GET and PUT D/A converters are defined. 
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Table 7-2 List of reserved symbols (1/4) 



NAME 


ATTRIBUTE 


VALUE 


R/W 


DESCRIPTION 


DBF3 


MEM 


O.OCH 


R/W 


Bit 15 to bit 12 of data buffer 


DBF2 


MEM 


O.ODH 


R/W 


Bit 1 1 to bit 8 of data buffer 


DBF1 


MEM 


O.OEH 


R/W 


Bit 7 to bit 4 of data buffer 


DBFO 


MEM 


O.OFH 


R/W 


Bit 3 to bit of data buffer 


AR3 


MEM 


0.74H 


R 


Bit 15 to bit 12 of address register 


AR2 


MEM 


0.75H 


R 


Bit 1 1 to bit 8 of address register 


AR1 


MEM 


0.76H 


R/W 


Bit 7 to bit 4 of address register 


ARO 


MEM 


0.77H 


R/W 


Bit 3 to bit of address register 


WR 


MEM 


0.78H 


R/W 


Window register 


BANK 


MEM 


0.79H 


R/W 


Bank register 


IXH 


MEM 


0.7AH 


R/W 


Bit 1 1 to bit 8 of index register 


MPH 


MEM 


0.7AH 


R/W 


Bit 7 to bit 4 of memory pointer 


MPE 


FLG 


0.7AH.3 


R/W 


Memory pointer enable flag 


IXM 


MEM 


0.7BH 


R/W 


Bit 7 to bit 4 of index register 


MPL 


MEM 


0.7BH 


R/W 


Bit 3 to bit of memory pointer 


IXL 


MEM 


0.7CH 


R/W 


Bit 3 to bit of index register 


RPH 


MEM 


0.7DH 


R/W 


Bit 7 to bit 4 of register pointer 


RPL 


MEM 


0.7EH 


R/W 


Bit 3 to bit of register pointer 


PSW 


MEM 


0.7FH 


R/W 


Program status word 


BCD 


FLG 


0.7EH.0 


R/W 


BCD operation flag 


CMP 


FLG 


0.7FH.3 


R/W 


Compare flag 


CY 


FLG 


0.7FH.2 


R/W 


Carry flag 


Z 


FLG 


0.7FH.1 


R/W 


Zero flag 


IXE 


FLG 


0.7FH.0 


R/W 


Index register enable flag 


LCDDO 


MEM 


0.60H 


R/W 


LCD segment 


LCDD1 


MEM 


0.61H 


R/W 


LCD segment 1 


LCDD2 


MEM 


0.62H 


R/W 


LCD segment 2 


LCDD3 


MEM 


0.63H 


R/W 


LCD segment 3 


LCDD4 


MEM 


0.64H 


R/W 


LCD segment 4 


LCDD5 


MEM 


0.65H 


R/W 


LCD segment 5 


LCDD6 


MEM 


0.66H 


R/W 


LCD segment 6 
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Table 7-2 List of reserved symbols (2/4) 



NAME 


ATTRIBUTE 


VALUE 


R/W 


DESCRIPTION 


LCDD7 


MEM 


0.67H 


R/W 


LCD segment 7 


LCDD8 


MEM 


0.68H 


R/W 


LCD segment 8 


LCDD9 


MEM 


0.69H 


R/W 


LCD segment 9 


LCDD10 


MEM 


0.6AH 


R/W 


LCD segment 10 


LCDD11 


MEM 


0.6BH 


R/W 


LCD segment 1 1 


LCDD12 


MEM 


0.6CH 


R/W 


LCD segment 12 


LCDD13 


MEM 


0.6DH 


R/W 


LCD segment 13 


POAO 


FLG 


0.70H.0 


R/W 


Port OA bit 


P0A1 


FLG 


0.70H.1 


R/W 


Port OA bit 1 


P0A2 


FLG 


0.70H.2 


R/W 


Port OA bit 2 


P0A3 


FLG 


0.70H.3 


R/W 


Port OA bit 3 


POBO 


FLG 


0.70H.0 


R/W 


Port OB bit 


P0B1 


FLG 


0.71H.1 


R/W 


Port OB bit 1 


P0B2 


FLG 


0.71H.2 


R/W 


Port OB bit 2 


P0B3 


FLG 


0.71H.3 


R/W 


Port OB bit 3 


POCO 


FLG 


0.71H.0 


R/W 


Port OC bit 


P0C1 


FLG 


0.72H.1 


R/W 


Port OC bit 1 


P0C2 


FLG 


0.72H.2 


R/W 


Port OC bit 2 


P0C3 


FLG 


0.72H.3 


R/W 


Port OC bit 3 


PODO 


FLG 


0.73H.0 


R/W 


Port OD bit 


P0D1 


FLG 


0.73H.1 


R/W 


Port OD bit 1 


P0D2 


FLG 


0.73H.2 


R/W 


Port OD bit 2 


P0D3 


FLG 


0.73H.3 


R/W 


Port OD bit 3 


P1AO 


FLG 


1.70H.0 


R 


Port 1 A bit 


P1A1 


FLG 


1.70H.1 


R 


Port 1A bit 1 


P1A2 


FLG 


1.70H.2 


R 


Port 1 A bit 2 


P1A3 


FLG 


1.70H.3 


R 


Port 1 A bit 3 


P1B0 


FLG 


1.71H.0 


R 


Port 1B bit 


P1B1 


FLG 


1.71H.1 


R 


Port 1B bit 1 


P1B2 


FLG 


1.71H.2 


R 


Port 1B bit 2 


P1B3 


FLG 


1.71H.3 


R 


Port 1B bit 3 


DARH 


MEM 


1.72H 


R/W 


D/A conversion data bit 4 and bit 5 
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Table 7-2 List of reserved symbols (3/4) 



NAME 


ATTRIBUTE 


VALUE 


R/W 


DESCRIPTION 


DARL 


MEM 


1.73H 


R/W 


D/A conversion data bit 3 to bit 


DACCMP 


FLG 


1.73H.0 


R 


Result of comparison 


SP 


MEM 


0.81 H 


R/W 


Stack pointer 


SIOTS 


FLG 


0.82H.3 


R/W 


SI O operating status 


SIOHIZ 


FLG 


0.82H.2 


R/W 


Status of SO pin 


SIOCK1 


FLG 


0.82H.1 


R/W 


Selection of serial clock 


SIOCKO 


FLG 


0.82H.0 


R/W 


Selection of serial clock 


INT1 


FLG 


0.8FH.2 


R 


Status of INTi pin 


INTO 


FLG 


0.8FH.1 


R 


Status of I NTo pin 


ZCROSS 


FLG 


0.8FH.0 


R/W 


Status of zero-cross detection circuit 


TM1EN 


FLG 


0.91 H.3 


R/W 


Timer 1 permit 


TM1RES 


FLG 


0.91 H.2 


R/W 


Timer 1 reset 


TM1CK1 


FLG 


0.91 H.1 


R/W 


Timer 1 clock selection 


TM1CK0 


FLG 


0.91 H.O 


R/W 


Timer 1 clock selection 


TM2EN 


FLG 


0.92H.3 


R/W 


Timer 2 permit 


TM2RES 


FLG 


0.92H.2 


R/W 


Timer 2 reset 


TM2CK1 


FLG 


0.92H.1 


R/W 


Timer 2 clock selection 


TM2CK0 


FLG 


0.92H.0 


R/W 


Timer 2 clock selection 


IEG1 


FLG 


0.9FH.2 


R/W 


INT1 edge selection 


IEG0 


FLG 


0.9FH.1 


R/W 


INTO edge selection 


AMP1EN 


FLG 


0.A1H.3 


R/W 


AMP1 permit 


AMP1MD2 


FLG 


0.A1H.2 


R/W 


Mode selection 


AMP2MD1 


FLG 


0.A2H.1 


R/W 


Be sure to write "0" 


AMP2MD0 


FLG 


0.A2H.0 


R/W 


SAMPLE-HOLD selection 


CMPEN 


FLG 


0.A3H.3 


R/W 


Comparator permit 


DACEN 


FLG 


0.A3H.2 


R/W 


D/A converter permit 


ADCCH1 


FLG 


0.A3H.1 


R/W 


Comparator input selection 


ADCCHO 


FLG 


0.A3H.0 


R/W 


Comparator input selection 


PODGIO 


FLG 


0.A7H.3 


R/W 


Port 0D I/O selection 


PODGIO 


FLG 


0.A7H.2 


R/W 


Port 0C I/O selection 


POBGIO 


FLG 


0.A7H.1 


R/W 


Port 0B I/O selection 


POAGIO 


FLG 


0.A7H.0 


R/W 


Port OA I/O selection 
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Table 7-2 List of reserved symbols (4/4) 



NAME 


ATTRIBUTE 


VALUE 


R/W 


DESCRIPTION 


IPTM2 


FLG 


0.AEH.1 


R/W 


INTTM2 permit flag 


IP1 


FLG 


O.AEH.O 


R/W 


INT1 permit flag 


IPSIO 


FLG 


0.AFH.3 


R/W 


I NTS 10 permit flag 


IPO 


FLG 


0.AFH.2 


R/W 


INTO permit flag 


IPTM1 


FLG 


0.AFH.1 


R/W 


INTTM1 permit flag 


LCDOFF 


FLG 


0.B1H.3 


R/W 


LCD segment/port selection 


LCDMD2 


FLG 


0.B1H.2 


R/W 


LCD mode selection 


LCDMD1 


FLG 


0.B1H.1 


R/W 


LCD mode selection 


LCDMDO 


FLG 


0.B1H.0 


R/W 


LCD mode selection 


LCD EN 


FLG 


0.B2H.3 


R/W 


ICD segment output permit 


PTOUTON 


FLG 


0.B7H.0 


R/W 


PTOUT output permit 


SIOON 


FLG 


0.B7H.1 


R/W 


SIO output permit 


IRQTM2 


FLG 


0.BEH.1 


R/W 


I NTTM2 interrupt request 


IRQ1 


FLG 


O.BEH.O 


R/W 


INT1 interrupt request 


IRQSIO 


FLG 


0.BFG.3 


R/W 


INTSIO interrupt request 


IRQO 


FLG 


0.BFH.2 


R/W 


INTO interrupt request 


IRQTM1 


FLG 


0.BFG.1 


R/W 


I NTTM1 interrupt request 


DBF 


DAT 


OFH 


R/W 


GET/PUT instruction operand 


IX 


DAT 


01H 


R/W 


Index register 


AR 


DAT 


00H 


R/W 


Address register 


SIOSFR 


DAT 


01H 


R/W 


SIO register 


TM1M 


DAT 


02H 


W 


Timer 1 modulo register 


TM2M 


DAT 


03H 


W 


Timer 2 modulo register 


TMC 


DAT 


41H 


R 


Timer count register 



Note: "W. XYH. Z" in the value field indicates 

W Bank 

X ..... Row address 
Y ..... Colum address 
Z Bit 
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8. INSTRUCTION SET 



Table 8-1 List of instruction sets 



^^-^^ b15 
b14 to b1 





1 


BIN 


HEX 


0000 





ADD r, m 


ADD m, #i 


0001 


1 


SUB r, m 


SUB m, #i 


0010 


2 


ADDC r, m 


ADDC m, #i 


0011 


3 


SUBC r, m 


SUBC m, #i 


0100 


4 


AND r, m 


AND m, #i 


0101 


5 


XOR r, m 


XOR m, #i 


0110 


6 


OR r, m 


OR m, #i 


01111 


7 


INC AR 

INC IX 

MOVT DBF, @AR 

BR @AR 

CALL @AR 

RET 

RETSK 

El 

Dl 

RETI 

PUSH AR 
POP AR 
GET DBF 

PUT n nRF 

PEEK WR, RA 
POKE RA, WR 
RORC r 
STOP s 
HALT h 
NOP 




1000 


8 


LD r, m 


ST m, r 


1001 


9 


SKE m, #i 


SKGE m, #i 


1010 


A 


MOV @r, m 


MOV m, @r 


1011 


B 


SKNE m, #i 


SKLT m, #i 


1100 


c 


BR addr 


CALL addr 


1101 


D 




MOV m, #i 


1110 


E 




SKT m, #n 


1111 


F 




SKF m, #n 
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Legends 

M 



rf 
rf L 



Table 8-2 List of INSTRUCTIONS 



AR 
IX 

I 

DBF 
WR 
MP 



One of data memory specified by [(BANK), m] 

Data memory address specified by [mH.mL] of each bank 

Date memory address high (row address) : 3 bits 

Data memory address low (column address) : 4 bits 

One of general register specified by [ (RP) ,r] 

General register address low (column address) : 4 bits 

General register pointer 

One of register file specified by rf 

Register file address specified by [rfH.rfL] 

Register file address high (row address) : 3 bits 

Register file address low (column address* : 4 bits 

Address register 

Index register 

Index register enable flag 

Data buffer 

Window register 

Memory pointer 

Memory pointer enable flag 

Peripheral 

Peripheral address 

Peripheral address high (row address) : 3 bits 
Peripheral address low (column address' • 4 bits 



PC 
SP 

STACK 
BANK 
(AR) rom 
INTEF 



CY 
CMP 



( ] 



Program counter 
Stack pointer 
Stack specified by (SP) 
Bank register 

One of program memory data specified by (AR) 
interrupt enable flag 
Immediate data : 4 bits 
Bit position '■ 4 bits 

One of program memory address : 11 bits 

Program memory address high : 3 bits 

Program memory address middle : 4 bits 

Program memory address low : 4 bits 

Carry flag 

Compare flag 

Stop release condition 

Halt release condition 

Address of M.-R.RF 

Contents of M , R . RF . AR , IX , DBF , WR, PE 





Mnemonic 


Operand 


Function 


Operation 


Machin 


e code 




II 


code 


3bits 


4bits 


4l;:s 




ADD 


r,m 


Add memory to register 


R, CY-*- (R) + (M.i 


00000 


m K 


m L 






m, if i 


Add immediate data to memory 


M. CY- (M) +i 


10000 


m H 


m L 


i 




ADDC 


r,m 


Add memory to register with carry- 


R, CY— (R) + (M < + (CY) 


00010 


m H 


m L 


r 


< 


m, tti 


Add immediate data to memory with carry 


R, CY— (M) +i- (CY) 


10010 


m H 


m L 


i 




INC 


AR 


Increment address register 


AR— AR + 1 


00111 


000 


1001 


0000 




IX 


Increment index register 


IX —IX + 1 


00111 


000 


1000 


0000 




SUB 


r,m 


Subtract memory from register 


R, CY— (R) - (Ml 


00001 


m H 


m L 


r 




m, tt i 


Subtract immediate data from memory 


M. CY— (M) -i 


10001 




m L 


1 


[ Subtr 


SUBC 




Subtract memory from register with borrow 


K . LI — IK/ v.vl' Itn 


00011 


m H 


m L 




m, tti 


Subtract immediate data from memory with borrow 


M, CY- (M) -i- (CY) 


10011 




m L 






SKE 


m, tt i 


Skip if memory equal to immediate data 


M ~ i, skip if zero 


01001 


m H 


m L 






SKGE 


m, tti 


Skip if memory greater than or equal to immediate data 


M-i ,skip if not borrow 


11001 


m H 


m L 




t 


SKLT 


m, tti 


Skip if memory less than immediate data 


M - i .skip if borrov. 


11011 


m H 


m L 






SKNE 


m, Si 


Skip if memory not equal to immediate data 


M-i.skip if not zero 


01011 


m H 


m L 






AND 


m, tti 


Logical AND of memory and immediate data 


M- (M) AND i 


10100 


m H 


m L 






r,m 


Logical AND of register and memory 


R- (R) AND (M ' 


00100 




m L 




1 


OR 


m, tti 


Logical OR of memory and immediate data 


M- (M) OR i 


10110 


m H 


m L 






r.m 


Logical OR of register and memory 


R- (R) OR (M) 


00110 


m H 


m L 






XOR 


m, tti 


Logical XOR of memory and immediate data 


M- (M) XOR i 


10101 


m H 


m L 






r,m 


Logical XOR of register and memory 


R- (R) XOR (Mi 


00101 


m H 


m L 


r 




LD 


r ,m 


Load memory to register 


R- (M) 


01000 


m H 


m L 


r 




ST 


m,r 


Store register to memory 


(M) -R 


11000 


m H 


m L 








@r ,m 


Move memory to destination memory referring to register 


if MPE = 1, [(MP) , (R) ]*-(M) 
if MPE = 0. [(m H ),(R)]-(M) 


01010 


m H 


m L 


r 




MOV 


m, <sr 


Move source memory referring to register to memory 


if MPE = 1,M-[(MP),(R)] 
if MPE = 0,M-[(m H ),(R)] 


11010 


m H 


m L 


r 






m, tti 


Move immediate data to memory- 


M-i 


11101 


m H 


m L 






MOVT 


DBF , 
feAR 


Move ROM data from the address specified in AR to DBF 


sp — (sp)-l, STACK —PC 
DBF— (AR) rom, 
PC-STACK,sp-(sp) + l 


00111 


000 


0001 


0000 




PUSH 


AR 


Decrement SP, then move AR to stack top 


SP- (SP) - 1 .STACK -AR 


00111 


000 


1101 


0000 




POP 


AR 


Move stack top to AR.then increment SP 


AR-STACK.SP— SP + 1 


00111 


000 


1100 


0000 




PEEK 


WR.RA 


Get RA from RF through WR 


WR-(RF) 


00111 


rf H 


0011 
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I Instruction I 
group J 


Mnemonic 


Operand 


Function 


Operation 


Machine code 


Opration 
code 


3bits 


4bits 


4bits 


I Transfer I 


POKE 


RA,WR 


Put data on WR into RA of RF 


(RF)^-WR 


00111 


rf H 


0010 


rf L 


GET 


DBF.p 


Get peripheral data to DBF 


DBF^-p 


00111 


Ph 


1011 


Pl 


PUT 


p.DBF 


Put data in DBF to peripheral 


P"— DBF 


00111 


Ph 


1010 


Pl 


O 


SKT 


m, #n 


Test memory bits, 

then skip if all bits specified are true 


CMP^-0 

skip if M(N) =airi" 


11110 


m H 


m L 


n 


SKF 


m, #n 


Test memory bits, 

then skip if all bits specified are false 


skip if M(N)=aH"0" 




m H 


m L 




| Branch 




addr 


Jump to the address 


PC -A DDR 


01100 


a H 




a L 


@AR 


Jump to the address specified in AR 


PC-AR 


00111 


000 


0100 


0000 


| Shift 






Rotate register right with carry 


(LI ; * \ K ) 'Ks 1 


00111 


000 


0111 




| Subroutine 


CALL 


addr 


Call subroutine 


SP«-(SP)-1 
STACK«-((PC) + 1), 
PC*— ADDR 


11100 


a H 


a M 


a L 


@AR 


Call subroutine specified in AR 


SP<— (SP) - 1 , 
STACKS (PC) + 1), 
PC^-(AR) 


00111 


000 


0101 


0000 


RET 




Return to main routine from subroutine 


PC-(STACK) ,SP— (SP) + 1 


00111 


000 


1110 


0000 


RETSK 




Return to main routine from subroutine, then skip 
unconditionary 


PC«-(STACK),SP«-(SP)+1 
and skip 


00111 


001 


1110 


0000 


RETI 




return to main routine from interrupt service routine 


PC"-(STACK) ,SP*-(SP) + 1 
BANK < -(interrupt stack) 


00111 


100 


1110 


0000 


| Interrupt 


EI 




Enable interrupt 


INTE flag—1 


00111 


000 


1111 


0000 


DI 




Disable interrupt 


INTE flag*-0 


00111 


001 


1111 


0000 


O 


STOP 


s 


Stop clock 


STOP 


00111 


010 


1111 


s 


HALT 


h 


Halt the CPU, restart by condition H 


HALT 


00111 


011 


1111 


h 


NOP 




No operation 


No operation 


00111 


100 


1111 


0000 
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9. ELECTRICAL CHARACTERISTICS 
Absolute Maximum Ratings (T a = 25 °C) 



Supply Voltage 


Vdd 


-0.3 to +7.0 


V 




Input Voltage 


Vi 


-0.3 to V D d +0-3 


V 


P0A (1) 






-0.3 to +1 1 


V 


(2) 






-0.3 to V DD + 0.3 


V 


All pins other than P0A 


Output Voltage 


V 


-0.3 to V D d +0.3 


v 


P0A (1) 






-0.3 to +11 


V 


(2) 






— U.o TO V|_qd +U.o 


V 


Segment/common pins 






-0.3 to V D d +0-3 


V 


Pins other than above 


High-Level Output Current 


•oh 


-5 


mA 


1 pin 






-20 


mA 


Total of all pins 


Low-Level Output Current 


lOL 


15 


mA 


1 pin P0A, POD 






30 


mA 


P0B, P0C 






100 


mA 


Total of all pins 


Operating Temperature 


Topt 


-40 to +85 


°C 




Storage Temperature 


T stg 


-65 to +1 50 


°C 




Power Consumption 


Pd 


190 


mW 


T a = 85°C 


Remarks: 1. N-ch open/drain o 


utput plus built-ir 


pull-up resistor output 






2. N-ch open/drain ir 


put/output 









CAPACITY (T a = 25 °C, V DD = V) 



CHARACTERISTIC 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


Input Capacity 


C IN 






15 


pF 


f = 1 MHz 

Pins other than those measured: V 


Output Capacity 


c OUT 






15 


pF 


Input/Output Capacity 


C|0 






15 


pF 
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DC CHARACTERISTICS (T a = -40 to +85 °C, V DD = 3.0 to 6.0 V) 



CHARACTERISTIC 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


High- Level Input Voltage 


V|H1 


0.8 V DD 




9 


V 


At SI or SCK input 


V|H2 


0.7 V DD 




9 


V 


At P0A input 


V|H3 


0.8 V DD 




vdd 


V 


INT-|, INT 1r RESET 


V|H4 


o.7 Vqd 




Vdd 




Pins other than above 


Low- Level Input Voltage 


V|L1 







0.2 Vdd 


V 


SI, SCK, INT , INT 1f RESET 


V|L2 







o.3 v D d 


V 


Pins other than above 


High-Level Output Voltage 


VOH 


Vdd-2.o 


Vdd-0-4 




V 




Vdd = 4 5 to 60 v 
lOH = - 1 mA 


Vdd-1-0 


Vdd-0-04 




V 




l H * -100 mA 


Low-Level Output Voltage 


VOL 




0.85 


2.0 


V 


P0B, P0C 


v D d = 4 -5 to 6.o v 

'OL = 15 mA 




0.06 


0.5 


V 


IOL = 60 ° MA 




0.85 


2.0 


V 


P0A, POD 


v D d = 4 -5 to 6.0 v 

Iql = 1° m A 




0.15 


0.4 


V 


Vdd = 4.5 to 6.0 V 
Iql = 1-6 mA 




0.04 


0.5 


V 


Iql =4 00 mA 


High-Level Input Leak Current 


1 LIH1 






3 


M A 


Other than 
XI and XO 


v iN = v dd 


1 LIH2 






10 


ma 


XI, XO 


Vin = v dd 


'LIH3 






10 


ma 


P0A (3) 


V, N =9V 


Low- Level Input Leak Current 


"LIL 






-3 


ma 


Other than 
XI and XO 


V| N =0V 






-10 


ma 


XI, XO 


V| N =0V 


High-Level Output Leak Current 


'LOH1 






3 


mA 




v OUT = V DD 


'LOH2 






10 


ma 


P0A (3) 


V UT=9 V 


Low-Level Output Leak Current 


• lol 








ma 




v ut = ov 


Input pin with built-in resistor 
(pull up/pull down) 


35 


65 


110 


kft 


INTO, INT1, P1A, P1B 


Input pin with built-in resistor (pull up) 


35 


65 


110 


kfi 


RESET 


Input pin with built-in resistor (pull down) 


7 


15 


26.5 


kfZ 


P0A 


Supply Current (4) 


•ddi 




1500 


4500 


ma 


Operation 
mode 


Vdd = 5 v ± 10% 
fCC = 8 MHz 




250 


750 


ma 


v D d = 3 v± 10% 
fee = 2 MHz 


>DD2 




550 


1600 


ma 


Halt mode 


v D d = 5 v ±10% 
fee = 8 MHz 




110 


330 


ma 


V D D = 3 V± 10% 
f cc = 2MHz 


>DD3 




0.1 


10 


ma 


Stop mode 


v D d = 5 v ±10% 




0.1 


5 


ma 


v D d = 3 v± 10% 
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CHARACTERISTIC 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


Vlcd Voltage Range 


V LCD 


3.0 




v DD 


V 




Common Output Impedance (5) 


Rcom 




40 




kft 




V DD = 4.5to6.0 V 


Segment Output Impedance (5) 


RSEG1 




40 






At LCD 

drive 


V DD = 4.5to6.0 V 


R SEG2 




5 




ka 


At port 
operation 


Total output of all 
segment pjns 
Current 2 mA or less 

V DD = V LCD = 45 
to 6.0 V 


Resistance Between V|_cpand 
GND 


R VLC 




100 




ka 


When normal 




3.0 




kfl 


When switching 



Remarks: 3. When N-ch open/drain input/output is selected 

4. The current that flows through the built-in pull-up or pull-down resistor is excluded 

5. 3.5 kH (typ.) when switching between the common and segment output. 



AMPLIFIER CHARACTERISTICS (T a = -40 = +85 °C, V DD = 4.5 to 6.0 V) 



CHARACTERISTIC 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


Input Offset Voltage 


v os 




±6 


±18 


mV 


Normal amplifier mode 


In-phase Input Voltage 


V ICM 


0.0 




3.6 


V 


V DD = 5.0 V 


Output Voltage Range 


v OUT 


0.12 




4.8 


V 


V DD = 5.0 V, l0UT = mA 


Unity Gain Frequency 


*0 




1.5 




MHz 




Large Amplitude Gain 


A V 




85 




dB 


V DD = 5.0V 


Output Current 


•out 


-50 




100 


HA 


V DD = 5.0V 


CMRR 






75 




dB 




SVRR 






-60 




dB 




Through Rate 




1.0 






V/ M s 




Hold Time 


*SAMP 




0.05 




ms 


Sample/hold amplifier mode 


Input/Output Voltage Error 


V D IF 




±6 


±18 


mV 


Sample/hold amplifier mode 


Input Voltage Range 


V|N 




0.12 


2.5 


V 


Sample/hold amplifier mode 


Supply Current 


'amp 




230 


500 


MA 





COMPARATOR CHARACTERISTICS (T a = -40 to +85 °C, V DD = 4.5 to 6.0 V) 



CHARACTERISTIC 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


Input Voltage Range 


V|N 


v S s 




V D D 


V 




Response Speed (6) 


tCOMP 


2 






IC 




Power Consumption 


VCOMP 




100 






V D d = 5.0V 


Absolute Accuracy 


V, T 




±8.0 


±15.0 


mV 




Input Resolution 


Vr E 




3.0 




mV 
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D/A CONVERTER CHARACTERISTICS (T a = -40 to +85 °C, V DD = 4.5 to 6.0 V, 
Vrefh =V dd ,V refl =0V) 



CHARACTERISTIC 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


Resolution 




6 


6 


6 


Bit 




Linearity 








±0.5 


LSB 




D/A Conversion Time (6) 


tCONV 


2 






IC 


At no output load 


DAC Current 


'DAC 




220 


390 


M A 




A/D Conversion Time (6) 




4 






IC 





Remarks 6: IC indicates "instruction cycle". 



ZERO-CROSS CHARACTERISTICS (T a = -40 to +85 °C, V DD = 4.5 to 6.0 V) 



CHARACTERISTIC 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


Detection Input Level 


v Z x 


0.8 


3.0 




Vp-P 


Input AC 


Accuracy 


AZX 




±120 




mV 


50/60 Hz 


Detection Input Frequency 


fzx 


0.04 


1 




kHz 





DATA MEMORY DATA RETENTION CHARACTERISTICS AT LOW SUPPLY VOLTAGE 
IN STOP MODE (T a = -40 to +85 °C) 



CHARACTERISTIC 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


Data Retention Supply Voltage 


V DDDR 


.2.0 




6.0 


V 




Data Retention Supply Current 


'DDDR 




0.1 


5.0 


M A 


VDDDR = 2.0 V 


Release Signal Set Time 


t SREL 









MS 




Wait Time for Stable Oscillation 


tWAIT 




219/fx 




ms 


Release by RESET (7) 




(8) 




ms 


Release by interrupt request 



Remarks: 7. fx indicates the oscillator frequency. 
8. According to the timer 2 value. 



2-245 



^iPD17102 



NEC 



Data Retention Timing (Stop Mode Release by Reset) 



vdd 



Execution of 
STOP instruction 



Internal resetting operation • 
Stop mode 



Halt 
mode 



Operation 
mode 



Data retention mode 



V DDDR 



t SREL 



RESET 



Data Retention Timing (Stand-by Release Signal: Stop Mode Release) 



v DD 



Data retention mode 



Execution of 
STOP instruction 



V DDDR 



Halt 
mode 



. Operation 
mode 



STANDBY RELEASE signal 
(Interrupt request) 



/ 
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AC CHARACTERISTICS (T a = -40 to +85 °C. V DD = 3.0 to 6.0 V) 



CHARACTERISTIC 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


Internal Clock Cycle Time 


*CY 


2 




30 


MS 


V DD =4.5to6.0 V 


8 




30 


MS 




Event Input Frequency 


f PO 







1000 


kHz 


duty = 50 % 


V DD = 4.5 to 6.0 V 







350 


kHz 




Event Input Rising/Falling Time 


tpOR 
tPOF 






0.1 


us 


Excluding zero-cross mode 


Event Input High/ Low Level 


tPOH 


0.5 






jus 


V DD = 4.5to6.0 V 


Width 


tPOL 


1 .45 






MS 








2.0 






MS 


At data 
input 


V DD = 4.5to6.0 V 


SCK Input Cycle Time (9) 


*KCY 


10.0 






MS 


At data 
output 


5.0 






MS 


At data 
input 








13.0 






MS 


At data 
output 








1.0 






MS 


At data 
input 


V DD = 4.5to6.0 V 


SCK Input High/Low Level 


*KH 


5.0 






MS 


At data 
Output 


Width (9) 


tKL 


2.5 






MS 


At data 
input 








6.5 






MS 


At data 
Output 




SI Setup Time (to SCKt ) 


tSIK 


100 






MS 




SI Hold Time (to SCKt) 


tKSI 


100 






MS 




SCK; SO output delay time (9) 


tKSO 






4.5 


MS 


Cp = 100 pF 


INT high/low level width 


t|OH 
t|OL 


10 






MS 




RESET low level width 


tRSL 


10 






MS 





Remarks 9: For SI, SO and SCK pins, the N-ch open/drain output plus built-in pull-up resistor input/output. 
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AC Timing Measuring Point (INT , INT lf SI, SCK and SO Pins) 



■0.7V D D 0.7 V DD - 

Measuring point 

- 0.15 V DD 0.16 V DD - 



AC Timing Measuring Point (Pins other than INT , INT 1# SI, SCK SO) 



- 0.7 V DD 

- 0.20 V DD 



Measuring point 



0.7 V DD ~ 
0.20 V DD7 



Event Input Timing 
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10. RECOMMENDED SOLDERING CONDITIONS 

The following conditions (see table below) must be met when soldering this product. 

Please consult with our sales offices in case other soldering process is used, or in case soldering is done under 
different conditions. 



TYPES OF SURFACE MOUNT DEVICE 

For more details, refer to our document "SMT MANUAL" (IEI-1207). 
/IPD17102G 



Soldering process 


Soldering conditions 


Symbol 


Infrared ray reflow 


Peak package's surface temperature : 230 °C or below, 
Reflow time : 30 seconds or below (210 °C or higher), 
Number of reflow process : 1 , 
Exposure limit* : None 


IR30-00 


VPS 


Peak package's surface temperature : 21 5 °C or below, 
Reflow time : 40 seconds or below (200 °C or higher), 
Number of reflow process : 1 , 
Exposure limit* : None 


VP15-00 


Wave soldering 


Solder temperature : 260 °C or below, 
Flow time : 1 seconds or below, 
Number of^low process: 1 , 
Exposure limit* : None 


WS60-00 


Partial heating method 


Terminal temperature : 300 "Cor below, 
Flow time : 10 seconds or below, 
Exposure limit* : None 





*: Exposure limit before soldering after dry-pack package is opened. 
Storage conditions: 25 °C and relative humidity at 65 % or less. 
Note: Do not apply more than a single process at once, except for "Partial heating method". 
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11. DEVELOPMENT SUPPORT TOOLS 



The following tools are supported for developing systems using the /iPD17102 chip. 



Hard- 
ware 


IE-17K 


IE-17K is an in-circuit emulator available for all the jliPD17000 Series chips. 
For the MPD17102 chip, use IE-17K and the optional SE-17102 together. 
When connected to a personal computer, IE-17K adds and modifies pro- 
grams in real time. A PC-9801 personal computer runs the support software 
SIMPLEHOST, providing a more advanced development environment. 


SE-17102 


SE-17102 is an emulation board (SE board) used to evaluate the system by 
mounting the program developed by IE-17K and loading the board instead of 
the juPD1 71 02 to the system. 


EP-17102G 


Probe used to connect the target system. 


Soft- 
ware 


AiPD1 7000 
Series 
Assembler 
AS17K 


Host machine 


OS 


Order name 
(product name) 


PC-9800 Series 
(excluding PC-98LT) 


MS-DOS™ 

(Ver 2.11 or later) 


MS5A1AS17K 
(8" 2D) 

/ZS5A10AS17K 
(5"2HD) 


Device file 


Used together with the /ZPD17000 Series Assembler 
AS17K (for/iPD17102 only). 


/ZS5A1AS17102 
(8"2D) 

/ZS5A10AS17102 
(5"2HD) 


SIMPLEHOST* 


Program to support man-machine interface when con- 
necting PC-9801 to IE-17K. 
MS-WINDOWS™ is required. 


/xS5A1 IE17K 
(8" 2D) 
MS5A10IE17K 
(5" 2HD) 



*: Underdevelopment 



MS-DOS™ and MS-WINDOW™ are the trademark of Microsoft Co., Ltd. 
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FRONT PANEL CONTROLLER (FPC) 

//PD17106 

SINGLE-CHIP MICROCONTROLLER 

The U.PD17106 is a 4-bit single-chip CMOS microcomputer for front panel control. 

The CPU uses the U.PD1700G architecture, allowing direct operation of data memory, arithmetic operation, and peripheral 
hardware control by the use of a single instruction. Every instrustion consists of a 16-bit word. 

The peripheral hardware includes an abundant series of input/output ports, serial interface, clock generator port, LCD 
driver for front panel control, key source decoder, and timer for remote control decoding. 

The nPD17106 can make up a sophisticated, high performance front panel system. 

The OTP (one-time PROM) version of the uPD17106 is also available as the uPD17P106 (*). The uPD17P106 is used for 
program evaluation or limited production of the uPD17106. 

NEC provides easy-to-use tools for uPD17106 system development: in-circuit emulator (IE-17K) and assembler (AS17K). 



*:under development 

Features 

• 4-bit microcontroller for front panel control 

• Program memory (ROM): 

8K bytes (4096 steps x 16bits) 

• General-purpose data memory (RAM): 
178 nibbles (178 nibbles x 4 bits) 

• Instruction executionn time: 

4.44u.s (using a 4.5MHz crystal oscillator) 

• Stack level: 7 

• Easy 46-instruction set 

• Decimal operation possible 

• Table reference possible 

• Built-in LCD driver 

Static : 46 x 1= 46 segments 

1/2 duty, 1/2 bias : 46 x 2= 92 segments 
1/3 duty, 132 bias: 45 x 3= 135 segments 
1/4 duty, 1/4 bias : 44 x 4= 176 segments 

• Built-in key source decoder 

16 lines (Output by time division with LCD segment signal) 



• Built-in 16-bit counter providing four functions 
Timer modulo 

Frequency counter 

Pulse width counter 

CGP (clock generator port) 

• Built-in 8-bit serial interface 

Two 1 -system channels (2- or 3-wire type) 

• Interrupt 

• External interrupt : 1 channel (INT pin) 

• Internal interrupt : 2 channels 

(timer and serial interface) 

• General-purpose I/O ports 

• Input/output ports : 5 lines (+4: segment pin) 

• Input ports : 4 lines (built-in pull-up resistor) 

• Output ports : line (+12: segment pins.8 out 

of 12 allows LED direct drive.) 

• Built-in power-on reset, CE reset, and power failure 
detection circuit 

• Low-power consumption CMOS 

• Power-supply voltage: 5 V ±10% 

• 64-pin plastic QFP 
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PIN CONFIGURATION (Top View) 
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SUPPORT TOOLS FOR PROGRAM DEVELOPMENT 

The following support tools are available to develop the program for the juPD17106: 



Hardware 


Name 


Description 


Order name 


In-circuit emulator 
(IE-17K) 


The IE-17K is the in-circuit emulator for evaluation, to be used commonly 
for the mPD 17000 series. 

The IE-17K serves for program development for the /zPD17106 together 
with the system evaluation board SE-17106. 

The IE-17K operates based on RAM. A program can be added or modified 
a console by simpl y connecti ng the console to the I E-1 7K. 
Running the support software SIMPLEHOST on the personal computer 
PC-9801 instead of using the console will bring sophistication to the 
program development environment. 


IE-17K 


SE board (*) 
(SE-17106) 


The SE-17106 is a system evaluation board for the juPD17106. It is used 
independently or in combination with the IE-17K. 


SE-17106 


Probe (*) 
(EP-17106GC) 


The EP-17106GC is a probe to connect the SE-17106 to a target system. 


EP-17106GC 


Receptacle (*) 
(EV-9200GC-64) 


The EV-9200GC-64 is a socket to connect the EP-1 7106 to a target 
system. 


EV-9200GC-64 


OTP (*) 
(/iPD17P106) 


The MPD17P106 is an OTP (One-time PROM) for program evaluation or 
limited production of the juPD17106. 


MPD17P106GC-3BE 



Software 


Name 


Description 


Host machine 


OS 


Order name 


Assembler 


Assembler 
(AS17K) 


The AS17K is the assembler 
main routine to be used 
commonly for the juPD17000 
series. 

The AS17K is used in 
combination with the device 
file (AS 171 06). 


PC-9801 series 
IBM PC-AT™ 


MS-DOS™ 
Ver. 2.11 
Ver. 3.1 

PC DOS™ 
Ver. 3.1 


MS-DOS version 
MS5A1 AS17K (8-inch 2D) 
MS5A10AS17K (5-inch 2HD) 
PC-DOS version 
MS7B11AS17K (5-inch 2D) 


Device 
file (*) 
(AS17106) 


The AS 1 7 1 06 is used to 
assemble the program for the 
MPD17106 in combination 
with the AS17K. 


MS-DOS version 
MS5AIAS17106 (8-inch 2D) 
MS5A10AS17106 (5-inch 2HD) 
PC-DOS version 
MS7B11AS17106 (5-inch 2D) 


Support software (*) 
(SIMPLEHOST) 


SIMPLEHOST is software to 
provide a man-machine 
interface during program 
development using the 
IE-17K and a personal 
computer. 


MS-WINDOWS™ 





* Underdevelopment 

MS-DOS™ and MS-WINDOWS™ are the trademarks of Microsoft Corp. 
IBM PC-AT™ and PC DOS™ are the trademarks of IBM Corp. 
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FRONT PANEL CONTROLLER (FPC) WITH ON-CHIP ONE TIME PROM 

/J>D17P106 

4-BIT SINGLE-CHIP MICROCONTROLLER 

The U.PD17P106 is a 4-bit single-chip CMOS microcontroller with on-chip ONE TIME PROM, for use in front panel control. 

The CPU uses the U.PD17000 architecture, which allows direct data memory manipulation and various operations with a 
single instructionand peripheral hardware control. Moreover, all instrustions are one 16-bit word in lenght. 

In addition to a wide range of input/output ports, serial interface, and clock generator port, on chip peripheral hardware 
includes, for front panel control, an LCD driver, key source decoder, and remote control decoding timer, enabling high- 
performance front panel systems of various kinds to be configured. 

As the jiPD17P106 includes on-chip ONE TIME PROM.it is ideal for system evaluation in program development for the 
H.PD17106* mask ROM version, or for small-volume production. 

An easy-to-use in-circuit emulator (IE-17K) and assembler (AS17K) are available as uPD17P106 system development 
tools. 



*:under development 

Features 

• 4-bit microcontroller for front panel controller use 

• Program memory (ONE TIME PROM): 
8K bytes (4096 steps x 16bits) 

• General-purpose data memory (RAM): 
178 nibbles (178 nibbles x 4 bits) 

• Instruction executionn time: 

4.44ns (using a 4.5MHz crystal oscillator) 

• Stack levels: 7 

• Easy-to-understand instructiion set (46 instructions) 

• Decimal operation capability 

• Table reference capability 

• On-chip LCD driver 

Static : 46 x 1= 46 segments 

1/2 duty, 1/2 bias : 46 x 2= 92 segments 
1/3 duty, 132 bias: 45 x 3= 135 segments 
1/4 duty, 1/4 bias : 44 x 4= 176 segments 

• On-chip key source decoder 

• 16 lines (Output by time-division multiplexing with 
segment signal) 



• On-chip 16-bit counter with 4 functions: 
Timer modulo 

Frequency count 

Pulse width count 

CGP (clock generator port) 

• On-chip 8-bit serial interface 

1 system 2 channels (2-wire and 3-wire) 

• Variety of interrupts 

External interrupts : 1 channel (INT pin) 
Internal interrupts : 2 channels 

(timer, serial interface) 

• General input/output ports 

• Input/output ports : 5 lines (+4: Segment pins) 

• Input ports : 4 lines (with internal pull-up 

resistor) 

• Output ports : (+12: segment pins, 8 with 

LED direct drive capability.) 
LCD • Power-on reset, CE reset, and power failure 
detection circuit on chip 

• Low-power consumption CMOS 

• Supply voltage : 5 V ±10% 

• 64-pin plastic QFP 

• Mask ROM version : jxPD17106 
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PIN CONFIGURATION (Top View) 
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DEVELOPMENT SUPPORT TOOLS 

The following support tools are available for system development using the /2PD17P106. 



Hardware 


Name 


Description 


In-circuit emulator (IE-17K) 


The IE-17K is an in-circuit emulator which can be used with all models in the /kPD17000 
series. For MPD17P106 program development, the IE-17K is used in conjunction with 
the SE-17106 system evaluation board. As the IE-17K features RAM-based operation, 
immediate program additions and amendments can be made by connecting a console to 
the IE-17K. Moreover, use of the "SIMPLEHOST" support software provides a higher- 
level development environment. 


SE board* (SE-17106) 


The SE-17106 is a MPD17P106 system evaluation board used either alone or together 
with the IE-17K. 


Probe* (EP-17106GC) 


The EP-17106GC is a probe for connection of the target system to the SE-17106. 


Receptacle* (EV-9200GC-64) 


The EV-9200GC-64 is a socket for connection of the target system to the EP-17106. 


EPROM 
programmer 
(Manuf. by Ando 
Electric Co., Ltd.) 


AF-9703 


EPROM programmer. For the /uPD1 7P1 06, the programmer is used in conjunction with 
the special MPD17P1 06 adapter (Ver. 5 or later should be used). 


Special adapter 
for juPD17P106* 


Adapter used in conjunction with the AF-9703. 



Software 


Name 


Description 


Host Machine 


OS 


Ordering Code 


Assembler 


Assembler 
(AS17K) 


AS17K is the assembler for use with the 
entire mPD1 7000 series. 
AS17K is used in conjunction with the 
device file (AS17106). 


PC-9801 
series 

IBM PC- AT™ 


MS-DOS™ 
Ver. 2.11 
Ver. 3.1 

PC DOS™ 
Ver. 3.1 


MS-DOS version 
MS5A1AS17K 
(8-inch 2D) 
juS5A10AS17K 
(5-inch 2HD) 

PC DOS version 
juS7B1 1 AS17K 
(5-inch 2D) 




Device 
file* 

(AS17106) 


AS17106 is used together with AS17K 
to assemble mPD17P106 programs. 






MS-DOS version 
MS5A1AS17106 
(8-inch 2D) 
MS5A10AS17106 
(5-inch 2HD) 

PC DOS version 
MS7B11AS17106 
(5-inch 2D) 


Support software* 
(SIMPLEHOST) 


SIMPLEHOST is software which imple- 
ments the man-machine interface under 
MS-WINDOWS™ during program de- 
velopment using the IE-17K and a 
personal computer. 




MS- 
WINDOWS™ 





Remarks: For details of the EPROM programmer, please consult Ando Electric Co., Ltd. 
*: Underdevelopment 



MS-DOS™ and MS-WINDOWS™ are trademarks of Microsoft Corporation, 
IBM PC-AT™ and PC DOS™ are trademarks of IBM Corporation. 
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FOUR-BIT SINGLE-CHIP MICROCOMPUTERS 



juPD17103 and juPD17104 are tiny microcontrollers each consisting of a 1K-byte ROM, 16-word RAM, and 11 
pins (for //PD17103) or 16 pins (for /iPD17104) for I/O ports. 

The CPU can be programmed using the /IPD17000 architecture based on a general register system that allows 
direct access to data memory. Every instruction for these microcontrollers consists of a 16-bit single word. 

FEATURES 

• Program memory (ROM): 1 K bytes (512 words x 16 bits) 

• Data memory (RAM): 16 words x 4 bits 

• I/O ports: 

//PD17103: 11 pins (including three ports for N-ch open-drain output) 
/uPD17104: 16 pins (including four ports for N-ch open-drain output) 

• Instruction execution time: 2 jus (in connection with an 8 MHz crystal or ceramic oscillator) 

• Instruction types: 31 types (single-word instructions) 

• Stack level: 1 level 

• Standby functions (using STOP and HALT instructions) 

• Retains data in data memory at low voltage (Min. 2.0 V). 

• Incorporates an oscillating circuit for a system clock (crystal or ceramic oscillator). 

• Operating supply voltage range: 
2.7 to 6.0 V (in 2 MHz operation) 
4.5 to 6.0 V (in 8 MHz operation) 



APPLICATIONS 

• Electronic control of electric home appliances and toys 

• Circuit integration of general-purpose logic ICs on one chip 

ORDERING INFORMATION 

Order Code Package 
juPD17103CX-XXX 16 pin plastic DIP (300 mil) 
MPD17103GS-XXX 16 pin plastic SOP (300 mil) 
MPD17104CS-XXX 22 pin plastic shrink DIP (300 mil) 
/IPD17104GS-XXX 24 pin plastic SOP (300 mil) 
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PIN CONFIGURATION (Top View) 
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BLOCK DIAGRAM 
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1. PIN FUNCTIONS 
1.1 LISTS 
• Port pins 



PIN NAME 


INPUT/ 
OUTPUT 


FUNCTIONS 


ON RESETTING 


POA to POA 3 (*) 


Input/output 


• CMOS (push-pull) 4-bit input/output port (Port OA) 


High impedance (input mode) 


POBq/RLShaLT 


Input/output 


For resetting HALT mode 




• High impedance at open-drain 
(input mode) 

• High level with built-in pull-up 
resistor (input mode) 


POBi/RLSstOP 


For resetting STOP mode 


POB 2 
POB3 C) 


• N-ch open-drain 4-bit I/O port; (Port OB) 

• Can corporate a pull-up resistor for each bit (by 
mask option) 

• Dielectric strength of 9 V at open-drain 


POCo to POC3 


Input/output 


• CMOS (push-pull) 4-bit input/output port (Port OC) 


High impedance (input mode) 


PODq to POD3 


Input/output 


• CMOS (push-pull) 4-bit input/output port (Port OD) 


High impedance (input mode) 



* The pins marked by an asterisk * are not built into mPD17103. 



• Pins other than port pins 



PIN NAME 


INPUT/ 
OUTPUT 


FUNCTIONS 


ON RESETTING 


RESET 


Input 


• System reset input pin 

• Can incorporate a pull-up resistor (by mask option) 




V D D 




• Positive power supply pin 




GND 




• GND pin 




X|N, *0UT 




• System clock oscillator connecting pin 
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1.2 DESCRIPTION 

1.2.1 P0A to POA3 (Port OA), POC to POC3 (Port OC), and P0D to P0D 3 (Port OD): Input/output pins 

P0A to POA3, POCo to POC3, and POD to P0D 3 are four-bit input/output pins with output latches for ports 
OA, OC, and OD, respectively. 

The contents of ports OA, OC, and OD are respectively mapped to addresses 70H, 72H, and 73H in data memory 
space as port registers. Data can be read from and written to the port registers using the normal data memory access 
instructions. 

On being reset, each pin goes into the input mode. When data is written into each port register, each pin for the 
corresponding port enters into the output mode to output the written data. Once the pin enters into the output 
mode, the written data and the mode are held until another datum is written into the port register or the mode is 
reset. 

Whenever datum in a port register is read out, the corresponding pin outputs its status whether in input or output 
mode. The contents of the port register do not change at this time. 

Ports OA, OC, and OD use the CMOS (push-pull) output form. Note that /iPD17103 does not have POA to P0A 3 . 

1.2.2 POBq/RLShalt, POB<|/RLSstop, P0B 2 , and POB3 (Port OB): Input/Output Pins 

POBq to POB3 are four-bit input/output pins each with an output latch for the port OB. 

The port OB is mapped to 71 H in data memory space and can be accessed by the normal data memory access 
instructions. On being reset, each pin enters into the input mode. 

When data is written into the port register, each pin for the port enters into the output mode to output the 
written data. Once the pin enters into the output mode, the written data and the mode are held until another 
datum is written into the port register or the mode is reset. 

Whenever data in the port register is read out, the pin outputs its status whether in input or output mode. The 
contents of the port register do not change at this time. 

For the output format of the port OB, N-ch open-drain output or N-ch open-drain plus pull-up built-in resistance 
output can be selected using the mask option. (See Section 1 .3.) 

The N-ch open-drain output has a dielectric strength of 9 V, providing efficient interface to a circuit operating at 
a different supply voltage. 

POBn and POB1 are pins for pseudo-interruption to reset the HALT or STOP mode on the leading edge of the 
input signal. The pin incorporates a hazard preventive circuit to prevent malfunction resulting from noise of 1 /is or 
less. 

Note that /iPD17103 has no POB3. Therefore, whenever an attempt is made to read data from POB3, only "0" 
(fixed) is read from juPD17103. Data attempted to be written into POB3 become invalid. 

1.2.3 X|n and Xout 

These pins are connected to the oscillator of a system clock oscillating circuit. 

1.2.4 RESET 

This pin is a low-level-active system reset input pin. It is used for resetting the standby mode as well as normal 
system resetting. 

1.2.5 V DD 

Positive power supply pin 

1.2.6 GND 

GNDpin 



2-265 



HPD17103, jiPD17104 



NEC 



1.3 INPUT/OUTPUT CIRCUITS OF PINS 

This section illustrates the input/output circuit of each pin of jtiPD17103 and MPD17104 in a partly simplified 
form. 

(1) POAPOCandPOD 



Vdd 



output I y° — r— N 
disable II—. 



1 



vdd 



-O IN/OUT 



(2) POBoandPOBr 



vdd 



output _ 
disable ~ 



pull-up resistor 
(Mask option) 



vdd 




-O IN/OUT 



r 
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(3) P0B 2 andP0B 3 



V D D 




O IN/OUT 



(4) RESET 



IN O 
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1.4 PIN MASK OPTIONS 

In programming /xPD1 71 03 or juPD17104, the mask options for pins must be set using mask option pseudo- 
instructions in the assembler source program. Before setting the mask options, the file D17103.OPT or D1 71 04. OPT 
must be stored in the current directory. 

The following pins require mask option setting: 

• P0B 

• POBt 

• P0B 2 

• poB 3 n 

• PRESET 

• The pin marked by the asterisk * is not built into juPD1 71 03. 

1.4.1 Mask option pseudo-instructions 

(1) OPTION and ENDOP pseudo-instructions 

Assume the mask option definition block ranging from the OPTION pseudo-instruction to the ENDOP pseudo- 
instruction. Within this block/execute the following mask option pseudo-instruction shown in (2). 
Description format: 



Label 


Instruction 


Operand 


Comment 


[Label:] 


OPTION 




[;Comment] 




ENDOP 







(2) Mask option defining pseudo-instruction 

This pseudo-instruction defines the mask option for each pin. 



<juPD17103> 
(J) Pins P0B to P0B 2 
Description format: 



Label 


Instruction 


Operand 




OPTPOB 


(P0B2), (P0B1), (POBO) 



A series of "POBX" (X: to 2) indicates the option parameters that can be described as the operand each. 
Beginning with the first operand, they define mask options for pins POB2, POB1 and POBo, respectively. 
POBPLUP (Pull-up) and OPEN (open) are available as option parameters. 
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<juPD17104> 
© P0B toP0B 3 
Description format: 



Label 


Instruction 


Operand 




OPTPOB 


(P0B3), (P0B2), (P0B1), (POBO) 



A series of "POBX" (X: to 3) indicates the option parameters that can be described as the operand each. 
Beginning with the first operand, they define mask options for pins POB3, POB2, POB1 , and POBrj, 
respectively. 

POBPLUP (pull-up) and OPEN (open) are available as option parameters. 
© RESET pin 
Description format: 



Label 


Instruction 


Operand 




OPTRES 


(RESET) 



"RESET" indicates the option parameter which can be described as the operand. RESPLUP (pull-up) 
and OPEN (open) are available as option parameters. 

Example 1 Set the following mask option using the source file for assembling of /iPD17103: 
P0B 2 : Pull-up POBt : Open 
POB : Open RESET: Pull-up 



; 17103 








Mask option setting: 


OPTION 










OPTPOB 


POBPLUP, OPEN, OPEN 






OPTRES 


RESPLUP 




ENDOP 







Example 2 Set the following mask option using the source file for assembling /iPD1 7 104: 
POB3: Pull-up POB2: Open 
POBt: Open P0B : Open 

RESET: Pull-up 



; 17104 








Mask option setting: 


OPTION 










OPTPOB 


POBPLUP, PQBPLUP, OPEN. OPEN 






OPTRES 


RESPLUP 




ENDOP 
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2. INTERNAL BLOCK FUNCTIONS 

2.1 PROGRAM COUNTER (PC) 9 BITS 

The program counter is a nine-bit binary counter to retain program memory address information. 



Fig. 2-1 Program counter configuration 



PC I PC8 I PC7 | PCC | PC5 [ PC4 | PC3 | PC2 | PC1 | PCO | 

Usually the program counter is incremented by one whenever one instruction is executed. 

When the call instruction (CALL) is executed, the call address is loaded onto the PC after the current contents 
(return address) of the PC are saved on the stack. When the return instruction (RET or RETSK) is executed, the 
current contents (return address) of the PC are loaded onto the PC. When the jump instruction (BR) is executed, 
the jump address indicating the destination of the jump is loaded onto the PC. 

The address stack has only one level. 

Fig. 2-2 Relationship among PC, stack, and instruction 



| PC8 


PC7 


PC6 


PC5 


PC4 


PC3 


PC2 


| PC1 


PCO | 




| S8 


S7 


S6 


S5 


S4 


S3 


S2 


I S1 


so | 




| AHO 


AM3 


AM2 


AM1 


AMO 


AL3 


AL2 


| AL1 


ALO | 



RET 
RETSK 



In Fig. 2-2, AHn, AMn, and ALn (n: to 3) indicate their respective bits in a 16-bit instruction as shown in Fig. 
2-3. 

Fig. 2-3 16-bit instruction configuration 



Instruction FH EH DH CH BH AH 9H 8H 7H 6H 5H 4H 3H , 2H 1H OH 



< 1 ► T T T T t T T T t t T 

Operation code AH2 AH1 AHO AM3 AM2 AM1 AMO AL3 AL2 AL1 ALO 

Operand 

When using a BR or CALL instruction, be sure to set AH2 and AH3 both to 0. 
Sn (n: to 8) indicates the address stack. 

When RESET is input, program counter bits are all cleared to zero. 
2.2 ADDRESS STACK 

The address stack has a dedicated stack format of only one level. Note that the stack pointer can neither be 
written nor read by any instruction. 

The contents (return address) of the PC for the last -executed CALL instruction are saved on the address stack. 
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2.3 PROGRAM MEMORY (ROM) 512 WORDS x 16 BITS 

This memory is a mask programmable ROM having a capacity of 512 words x 16 bits. It is addressed by the 
program counter. The programmable memory stores programs. Address 000H is a reset start address. 

Fig. 2-4 Program memory map 

1 FFH | 1 t 



512 words 



000 H 



2.4 DATA MEMORY (RAM) 16 WORDS x 4 BITS 

The data memory occupies 16 nibbles as memory space. 

Fig. 2-5 Data memory map 

01 23456789ABCDEF 



System register 



16 words between 00H and OFH are available for the data storage area. 

Since juPD17103 has neither the four bits of 70H nor the third bit of 71 H, is read from the data memory in 
juPD17103. 

2.4.1 Port data mapping 

Port data is mapped into addresses 70H to 73H (port register) on the data memory space. The data written in 
these addresses is output from each port. When port data is read, the read data is not stored in this area until the 
instruction to write the data into the data memory is executed. 

2.4.2 Addressing 

Addresses can be specified by three-bit row addresses and four-bit column addresses. 

juPD17000 series allows determining the area to be used for general registers by setting the value of the register 
pointer (RP). ]uPD17103 or ^tPD1 71 04 allows the 16 words of OH to OFH to be used as general registers because the 
register pointer is fixed at 0. Thus OH to OFH can be specified either as registers or certain addresses in the data 
memory. The operands of one instruction carry information specifying one (column) of 16 general registers and 
information on row and column addresses of the data memory. In data transfer between data memory and a general 
register, data is transferred between the data memory at the address specified by the corresponding operand of the 
instruction and the register with the number (column) specified by the corresponding operand of the instruction. 



T T T T 
POAPOB POC POD 
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2.5 SYSTEM REGISTERS 

System registers are the ones directly concerning the control of the CPU, which are mapped into addresses 74H 
to 7FH on the data memory address space. juPD17103 and juPD17104 have only one system register, program status 
word (PSW). 



Fig. 2-6 System register map 



Address 


74H 


75H 


76H 


77 H 


78H 


79H 


7AH 


7BH 


7CH 


7DH 


7EH 


7FH 


Data 





































74H to 7DH are all fixed at 0. 





7EH 






7FH 








PSW 






B 
C 
D 


C 
M 
P 


C 
Y 


Z 






| | 














t T t T T 
□3 ro ro w to 

O CO S3 — » o 



Bit at address 7 EH and the higher three bits at address 7FH are assigned for the program status word. Bit at 
address 7EH is mapped for a BCD flag. Bits 3, 2, and 1 at address 7FH are mapped respectively for CMP, carry (CY), 
and zero (Z) flags. 

The higher three bits at address 7 EH and bit at address 7FH are fixed at 0. 
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Fig. 2-7 Structure of program status word 

7EH Address 7FH Address 
BITO BIT3 BITO 



Zero 
Flag 
(Z) 


Set (0) conditions 

• Set when the result of an arithmetic 
operation is when CMP is 0. 

• Set when the result of an arithmetic 
operation is only when Z is 1 with 
CMP=1. 

This flag is not set when Z is 1 . 
Set (1 ) conditions 

• Set when the result of an arithmetic 
operation is not 0. 


Carry 

Flag 

(CY) 


Set (0) conditions 

• Set when addition generates a carry or 
subtraction generates a borrow. 

• Set when the LSB of the operand for the 
execution of the RORC instruction is 1 . 

Reset (1 ) conditions 

• Reset when neither carry nor borrow 
occurs. 

• Reset when the LSB of the operand for 
executing the RORC instruction is 0. 


Compare 

Flag 

(CMP) 


When this flag is set, the results of arithmetic 
operations are not stored in memory or 
registers. The flag is reset automatically when 
the SKT or SKF instruction is executed. 


BCD 
Flag 
(BCD) 


When this flag is set, every arithmetic 
operation is performed in decimals. 
When it is reset, the operation is performed 
in binary. 



The CY flag does not change with the compare instruction (SKE, SKNE, SKGE,or SKLT). However, it changes 
according to the result of an arithmetic operation even though the CMP flag has been set. 

Note that each bit of the program status word is initialized to when the reset signal is input. 
The Z flag in the program status word varies with the value of the CMP flag as shown in Table 2-1. 



Table 2-1 Variation of Z-f lag value 



Conditions 


Value of Z flag 


CMP = 


CMP= 1 


On resetting 







Z flag is set to by memory operation. 








Z flag is set to 1 by memory operation. 


1 


1 


Result of arithmetic operation is 0. 








Result of arithmetic operation is 1. 


1 


Zn-1 



Zn-1 : Value of Z flag just before execution. 



When the CMP is 1, the value of the Z flag is held to be 1 when the value of the Z flag is 1 and the result of an 
arithmetic operation is OH. If the result becomes any value other than OH at this time, the value of the Z flag is reset 
to 0. In this case, the value of the Z flag is not set to 1 even though the result of the retried arithmetic operation 
becomes OH. 

That is, if the Z flag remains 1 when being referenced after setting of CMP and Z flags both to 1 and several times 
of comparison (though subtraction), it means that the result of each comparing operation is identically 0. If the Z 
flag becomes then, it means that the comparing operations have given different values at least once. 
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2.6 LOGICAL ARITHMETIC UNIT (ALU) 



. . 4 BITS 



The logical arithmetic unit (ALU) executes arithmetic and logical operations on four-bit data, bit check, com- 
parison, and data rotation. 

2.6.1 Arithmetic operations 

The ALU performs two types of arithmetic operations: binary and decimal. It performs a decimal operation when 
the value of the BCD flag (in the program status word) is 1 and a binary operation when the value is 0. 

When addition generates a carry or subtraction generates a borrow, the carry (CY) flag is set to 1. If neither of 
them occurs, the flag is reset to 0. 

If the result of an arithmetic operation is 0, the zero (Z) flag is set to 1. The flag is reset to when the result is 
not 0. 

(1) Binary operation 

A carry occurs when the result of a binary arithmetic operation exceeds 15 (1 1 1 1 B). When the result is less than 
0, a borrow occurs and the CY flag is set to 1. 

(2) Decimal operation 

A carry occurs when the result of a decimal arithmetic operation exceeds 9 (1001 B). When the result is less than 

0. a borrow occurs and the CY flag is set to 1 . The decimal arithmetic operation can be executed only when the 
operation results as follows. If the result of the operation falls out of the following specified ranges, the CY flag 
is set to 1 and the value of the operation is 10 (1010B) or more: 

1 . The result of addition must be within to 19., 

2. The result of subtraction must be within to 9 or —10 to —1 . 

2.6.2 Logical operations 

The ALU performs three types of logical operations: conjunction (AND), disjunction (OR), exclusive OR (XOR). 

2.6.3 Other operations 

The ALU performs bit check, decision though comparison, and data rotation. 
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3. STANDBY FUNCTIONS 

This device provides two types of standby modes: HALT mode and STOP mode. 

3.1 HALT MODE 

The HALT mode sets the state where the program counter (PC) stops carrying out any further operations until 
restarted with the system clock left oscillating. This mode is set by the HALT instruction and reset by the reset 
signal RESET or input to the P0B pin. When the mode is reset by the input to the POB pin, the device resets the 
mode without waiting for the system clock to stabilize its oscillation. In this case, the first instruction to be 
executed after the resetting of the mode is the one next to the HALT instruction. 

The normal system reset (restarting from address OH) occurs if the mode is forced to be reset by the reset signal 
RESET. 

3.2 STOP MODE 

The STOP mode stops the oscillation of the system clock and sets the state where data can be retained at a low 
supply voltage. This mode is set by the STOP instruction and reset by the reset signal RESET or input to the POBi 
pin. When the mode is reset by input to the POBi pin, the first instruction to be executed after the reset is the one 
that follows the STOP instruction. 

The normal system reset (restarting from address OH) occurs if the mode is forced to be reset by the reset signal 
RESET 

3.3 SETTING AND RESETTING STANDBY MODES 

(1 ) Setting and resetting HALT mode 

The HALT instruction allows selection of the conditions to set and reset the HALT mode depending on the 
setting of the low-order bit of the operand as follows. Fix the higher three bits of the operand to 0. 

Fig. 3-1 Mode setting/resetting conditions of HALT instruction 



HALT 000XB-— Four-bit data of operand 



X 


Setting and resetting conditions 





When executed, the HALT instruction sets the HALT mode unconditionally. The mode is reset 
only by the reset signal RESET. After the mode is reset, execution of instructions is started from 
address OH. 


1 


When POBo is 0, the HALT instruction sets the HALT mode when executed. 
If POBo is 1, the instruction does not set the mode when executed. 

The mode set by this instruction is reset by the reset signal RESET. After the resetting, execution 
of instructions are started from address OH. 

The mode is also reset at rise of the input signal to the POBo pin. In this case, the first instruction 
to be executed after the reset is the one that follows the HALT instruction. 
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(2) Setting and resetting STOP mode 

The STOP instruction allows selection of the conditions to set and reset the STOP mode depending on the 
setting of the low-order bit of the operand as follows. Fix the higher three bits of the operand to 0. 

Fig. 3-2 Mode setting/resetting condition of the STOP instruction 



STOP 000XB-— Four-bit data of operand 



Setting and resetting conditions 



When executed, the STOP instruction sets the STOP mode unconditionally. 

All the peripheral circuits stop operations after returning to their initial status as if the system reset 

occurs. 



The mode is reset only by the reset signal RESET. After the mode is reset, execution of 
instructions are started from address OH. 



When POBi is 0, the STOP instruction sets the STOP mode when executed. 
If POBi Is 1, the instruction does not set the mode when executed., 

The mode set by this instruction is reset by reset signal RESET. After the resetting, execution of 
instructions are started from address OH. 

The mode is also reset at rise of the input signal to the POBi pin. In this case, the first instruction 
to be executed after the reset is the one that follows the HALT instruction. 



3.4 STANDBY MODE RESETTING TIMING 



Fig. 3-3 Resetting HALT mode by RESET signal input 

HALT Instruction 



Operating modd 



Operating mode 



When the HALT mode is reset by inputting the RESET signal, the device enters the operating mode after return- 
ing the RESET input to a high level. 

*: This interval is the time for waiting for stable oscillation in the HALT mode. 

Fig. 3-4 Resetting the HALT mode by interruption 



HALT Instruction 
* 



Standby release 



signal (P0B ) operating mode 



Operation mode 
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Fig. 3-5 Resetting STOP mode by RESET signal input 

STOP Instruction 



Clock 



Operating 
mode 



Oscillation 
stop 



Operating mode 



The clock starts oscillation the moment the RESET input goes from high to low level in the STOP mode. 
*: This interval is the time for waiting for stable oscillation in the HALT mode. 

Fig. 3-6 Resetting the STOP mode by interruption 

STOP Instruction 



Standby release 0peratj 
signal (P0 Bl ) mQde 



Oscillation 
stop 



Operating mode 



* : This interval is the time for waiting for stable oscillation in the HALT mode. 
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4. RESETTING 

4.1 HARDWARE STATUS ON RESETTING 

When the RESET pin inputs a low-level active reset signal, the hardware components are set as follows. They are 
released from their reset status when the RESET pin returns to the high level. 



Table 4-1 Hardware after reset 



Component 


Memory address 


Set value 


Program counter 




000H 


RAM 


OH to OFH 


Data before reset is retained. 


Program status word (PSW) 


7EH BITO 
7FH BIT3-1 


All 


Ports OA to OD 


70H to 73H 


Data is retained. All the pins enter the input mode. 
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5. RESERVED WORDS 

Table 5-1 lists the reserved words defined in the device files of the /liPD17103 and juPD17104. 



Table 5-1 Reserved words list 



Name 


Attribute 


Value 


R/W 


Description 


*P0A0 


FLG 


0.70H. 


R/W 


Bit of port OA 


*P0A1 


FLG 


0.70H. 1 


R/W 


Bit 1 of port OA 


*P0A2 


FLG 


0.70H. 2 


R/W 


Bit 2 of port OA 


*P0A3 


FLG 


0.70H. 3 


R/W 


Bit 3 of port OA 


POBO 


FLG 


0.71 H. 


R/W 


Bit of port OB 


P0B1 


FLG 


0.71H. 1 


R/W 


Bit 1 of port OB 


P0B2 


FLG 


0.71 H. 2 


R/W 


Bit 2 of port OB 


*P0B3 


FLG 


0.71 H. 3 


R/W 


Bit 3 of port OB 


POCO 


FLG 


0.72H. 


R/W 


Bit of port 0C 


P0C1 


FLG 


0.72H. 1 


R/W 


Bit 1 of port 0C 


P0C2 


FLG 


0.72H. 2 


R/W 


Bit 2 of port 0C 


P0C3 


FLG 


0.72H. 3 


R/W 


Bit 3 of port 0C 


PODO 


FLG 


0.73H. 


R/W 


Bit of port 0D 


P0D1 


FLG 


0.73H. 1 


R/W 


Bit 1 of port 0D 


P0D2 


FLG 


0.73H. 2 


R/W 


Bit 2 of port 0D 


POD3 


FLG 


0.73H. 3 


R/W 


Bit 3 of port 0D 


BCD 


FLG 


0.7EH. 


R/W 


BCD arithmetic flag 


PSW 


MEM 


0.7FH 


R/W 


Program status word 


Z 


FLG 


0.7FH. 1 


R/W 


Zero flag 


CY 


FLG 


0.7FH. 2 


R/W 


Carry flag 


CMP 


FLG 


0.7FH. 3 


R/W 


Compare flag 



* : POAo to POA3 are not defined in the device file of juPD1 71 03. The POB3 is 
not provided for mPD17103 but registered as a read-only flag to be used as a 
dummy bit in using a built-in macro. 
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6. INSTRUCTION SET 
6.1 INSTRUCTION LIST 



MNEMO 

IVI IN L- IVI \J 


OPERND 


OPERATION 


SKIP 


OPCODE 


A98 


7654 


3210 


ADD 


R, M 


r\ ^ \ n / • \ ivi / 




00000 


MH 


ML 


p 


ADDC 


R M 


D < _/D\ + /|WI\ + pY 

r\ \ r i y T y i v i / ■ w i 




00010 


MH 


ML 


p 


ADD 


M #1 


IVI ^ \ IVI / «^ 1 




1 0000 


MH 


ML 




ADDC 


IVI, if> 


IVI^llVI/T|-t-\_, T 




10010 


MH 


M L 


| 


SUB 


R M 


n; — \\vf] 




00001 


MH 


ML 


p 


SUBC 


R M 


R«-/R\ DRW 
n^V n/ — \ IVI ^ — DnVV 




0001 1 


MH 


ML 


p 


SUB 


IVI, n-\ 


ivi^ v ivi / — i 




1 0001 


MH 


ML 




SUBC 


M #1 


iwi^_/y\ 1 RR\A/ 
ivi^ \ ivi/ — 1 — d n vv 




1 001 1 


MH 


M L 




SKE 


M #1 


Vivi/ — i 


ZERO 


01001 


MH 


ML 




SKNE 


M #1 


IM\ — 1 


NOT 7FRO 


0101 1 


MH 


ML 




SKGE 


M #1 


(M)_ 1 


NOT RRW 

IMvy 1 DR VV 


1 1001 


MH 


ML 




SKLT 


M, #1 


(M)-l 


BRW 


1 101 1 


MH 


ML 




AND 


M, #1 


M<-(M) AND 1 




10100 


MH 


ML 




OR 


M, #1 


MHM) OR 1 




10110 


MH 


ML 




XOR 


M, #1 


M^-(M) XOR 1 




10101 


MH 


ML 




AND 


R, M 


RHR)AND(M) 




00100 


MH 


ML 


R 


OR 


R,M 


R<-(R) OR (M) 




00110 


MH 


ML 


R 


XOR 


R,M 


R<-(R) XOR (M) 




00101 


MH 


ML 


R 


RORC 


R 


CY-*(R)+CY 




00111 


000 


0111 


R 


LD 


R,M 


RHM) 




01000 


MH 


ML 


R 


ST 


M, R 


M^-(R) 




11000 


MH 


ML 


R 


MOV 


M,#l 


MH 




11101 


MH 


ML 


I 


SKT 


M, #n 


TEST (M)n,CMP<-0 


ALL TRUE 


11110 


MH 


ML 


n 


SKF 


M,#n 


TEST (M)n,CMP^0 


ALL FALSE 


11111 


MH 


ML 


n 
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MNEMO 


OPERND 


OPERATION 


SKIP 


OPCODE 


A98 


7654 


3210 


BR 




PC(8-0KA 




01100 


AH 


AM 


AL 


CALL 




SP<-(SP)-1 f STACK«-{(PC)+1), 
PC(8-0)«-A 




11100 


AH 


AM 


AL 


RET 




PC^-(STACK), SP<-(SP)+1 




00111 


000 


1110 


0000 


RETSK 




PC^(STACK), SP^(SP)+1 


UNCONDITION 


00111 


001 


1110 


0000 


STOP 


C 


STOP CLOCK 




00111 


010 


1111 


C 


HALT 


h 


HALT CPU 




00111 


011 


1111 


h 


NOP 




NO OPERATION 




00111 


100 


1111 


0000 



CY : Carry flag 

CMP : Compare flag 

(R) : Value of register 

(M) : Value of data memory 

R : Register number 

I : Numerical data 

#n : Bit number 

PC : Program counter 

R : Register 

M : Data memory MH, ML 

A : Address AH, AM, AL 
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7. ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS (T a = 25 °C) 



Supply Voltage 


Vnn 
v UD 




—0.3 to +7.0 


v 


Input Voltage 


V| 


POA C D 


—0.3 to VpD +0.3 


v 






POB (1) 


—0.3 to Vpp +0.3 


v 






(2) 






Output Voltage 


v o 


POA C D 


— U.o TO V Qrj TU.J 










— u.o xo v DD 








(2) 


-0.3 to +1 1 


V 


High Output Current 


'OH 


One pin of POA, POB, POC and POD each 


-5 


mA 






Total of all pins 


-15 


mA 


Low Level Output Current 


'OL 


One pin of POA, POB, POC and POD 


30 


mA 






Total of all pins 


100 


mA 


Operating Temperature 


T opt 




-40 to -85 


C 


Storage Temperature 


T stg 




-65 to +1 50 


C 


Power Consumption. 


Pd 


T a = 85°C 16 pin DIP 


400 


mW 






16 pin SOP 


190 


mW 






22 pin DIP 


400 


mW 






24 pin SOP 


250 


mW 



Remarks: (1) N-ch open-drain input/output + pull-up resistor built-in input/output 
(2) N-ch open-drain input/output 
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CAPACITY (T, = 25 °C, V D d =0V) 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITIONS 


Input Capacity 


C|N 






15 


pF 


f = 1 MHz, Pins except the one under 
measurement: V 


Input/Output Capacity 


C10 






15 


pF 


DC CHARACTERISTICS (T a = 40 to +85 °C, V D d = 2.7 to 6.0 V) 


CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITIONS 


High Level Input Voltage 


V|H1 


0.7V DD 




vdd 


V 


Other than below 


V IH2 


0.8V DD 




vdd 


V 


POB, RESET 


V IH3 


0.8V DD 




9 


V 


POB (3) 


V|H4 


Vqd-0.5 




v D d 


V 


X|N 


Low Level Input Voltage 


V|L1 







0.3V D D 


V 


Other than below 


V|i_2 


o 




0.2VDD 


V 


POB, RESET 


V|L3 


o 




0.5 


v 


XlM 


POA, C, D 

High Level Output Voltage 


VOH 


Vdd— 2.0 






V 


Vdd = 45 to 6.0 v 

Iqh = -2 mA 


Vdd— 1-0 








l H = -200A 


POA, B, C, D 

Low Level Output Voltage 


vol 






2.0 


V 


VDD = 4 -5to6.0 V 
'OL = 15 mA 






0.5 


V 


l0L = 600 juA 


POA, B, C, D 

High Level Input Leak Current 


'LIH1 






5 


MA 


Vin = vdd 


'LIH2 






10 


ma 


V| N = 9V (3) 


POA, B, C, D 

Low Level Input Leak Current 


■lil 






-5 


ma 


V| N = 0V 


POA, B, C, D 

High Level Output Leak Current 


"LOH1 






5 


ma 


vout = Vdd 


'LOH2 






10 


ma 


VOUT = 9 V (3) 


POA, B, C, D 

Low Level Output Leak Current 


"LOL 






-5 


ma 


V UT = V 


Input Pin Built in Resistor 


20 


47 


95 


kfi 


RESET (Pull-up) 


I/O Pin Built-in Resistor 


5 


15 


30 


kSl 


POBq, POBi , P0B2, POB3 (Pull-up) 


Power Supply Current (4) 


"DD1 




1.5 


4.5 


mA 


Operating 
mode 


Vdd = 5 V ± 10% 
f cc = 8.0 MHz 




250 


750 


HA 


Vdd = 3 v± 10% 
f cc = 2.0 MHz 


>DD2 




1.0 


3.0 


mA 


HALT mode 


V D D = 5V± 10% 
f cc = 8.0 MHz 




200 


600 


MA 


Vdd = 3 v± 10% 

f cc = 2.0 MHz 


'DD3 




0.1 


10 


ma 


STOP mode 


V D D = 5 V ± 10% 




0.1 


5 


ma 


v D d = 3 v± 10% 



Remark (3): For N-ch open-drain input/output selection. 

Remark (4) : The current flowing to the built-in pull-up resistor is excluded. 
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CHARACTERISTICS OF DATA RETENTION IN DATA MEMORY AT LOW SUPPLY 
VOLTAGE (T a = -40 to +85 °C) 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITIONS 


Data Retention Supply Voltage 


Vdddr 


2.0 




6.0 


V 




Data Retention Supply Current 


'dddr 




0.1 


5.0 


MA 


Vdddr = 2.0 v 


Release Signal Setting Time 


*SREL 









jus 




Stable Oscillation Wait Time 


tWAIT 
request 




8/f x (5) 




mS 


Reset by RESET 




8/fx (5) 




mS 


Reset by interrupt (POBq) 









mS 


Reset by interrupt (POBi ) 



Remark (5): fx indicates an oscillator frequency. 



AC CHARACTERISTICS (T a = -40 to +85 °C, V DD = 2.7 to 6.0 V) 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITIONS 


Internal Clock Cycle Time 


T c y 


1.9 




30 


MS 


VDD = 4.5to6.0 V 


7.6 




30 


MS 




P0B , High/ Low Level Width 


T PBH 
T PBL 


10 






MS 




RESET High/Low Level Width 


Trsh 

T RSLK 


10 






MS 
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4-BIT SINGLE-CHIP MICROCONTROLLER 




The juPD17P103 is a tiny microcontrollers consisting of a 1K-byte ROM, 16-word RAM, and 11 input/output 
ports. It is a one-time PROM version of the /iPD17103, whose internal mask ROM is replaced with a one-time 
PROM. 

Two juPD17P103 models are available: juPD1 7P103CX, which allows a program to be written only once, and 
/iPD17P103GS. They are suitable for evaluation of //PD17103 and for small-scale production. 

The /iPD17000 architecture of the CPU uses general registers so that data memory can be manipulated directly 
for effective programming. Every instruction is 1 word long, consisting of 16 bits. 

FEATURES 

• Compatible with the ]uPD1 71 03 

• Program memory (one-time PROM): 1 K bytes (512 words x 16 bits) 

• Data memory (RAM): 1 6 words x 4 bits 

• Input/output ports: 1 1 ports (including three N-ch open-drain outputs) 

• Instruction execution time: 2 /is (with 8-MHz crystal or ceramic resonator connected) 

• Number of instructions: 24 (Each instruction is 1 word long.) 

• Stack level: 1 

• A standby function is supported (with the STOP and HALT instructions). 

• Data memory can retain data on low voltage (2.0 V at minimum). 

• An oscillator is included for the system clock (for crystal or ceramic resonator). 

• Operating supply voltage: 2.7 to 6.0 V (at 2 MHz) 



4.5 to 6.0 V (at 8 MHz) 



APPLICATIONS 

• Controlling electric appliances or toys 

• Providing general-purpose logic ICs in one chip 



ORDERING INFORMATION 



Order Code 



Package 



AiPD17P103CX 
juPD17P103GS 



16-pin plastic DIP (300 mil) 
16-pin plastic SOP (300 mil) 
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PIN CONFIGURATION (Top View) 



mPD17P103CX/mPD17P103GS 



X| N O— [T 

X0UT/MD3 o~[7 

RESET/Vpp o— (T 
POD /D °~{T 
PODt/Di P—fiT 

POD2/D2 o~pr 
POD3/D3 o— {7 
v D d o— [J 



16}— O GND 

T5j— O P0B 2 /MD 2 

14j-*0 POBt/RLSstOP/MD-j 

o pob /rlshalt/md 

T2J— O POC3/D7 
77}~0 P0C2/D 6 
ToJ — O POCt/05 

TJ— o POC0/D4 



16-pin plastic DIP 
16-pin plastic SOP 



BLOCK DIAGRAM 



-o X| N 

*° X0UT/MD3 



pob /rls H alt/md ( 

POBt/RLSstOP/WDt ( 

POB2/MD2 < 



P0C /O 4 < 

POCt/05 1 

P0C 2 /O 6 < 

POC3/D7 < 



PODq/Dq < 

PODt/Di < 

POD2/D2 < 

POD3/D3 < 



RESET/Vpp < 

V D D 
GND 



N-ch open drain 



W 



W 



W 




RAM 

16x4 bits 



ROM 

512x 16 bits 



Stack 1 x 9 bits 



2286 



SEC 
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PIN FUNCTIONS 
PIN FUNCTIONS 
• Port pins 



2 



PIN 


INPUT/ 
OUTPUT 


DUAL 
FUNCTION 
PIN 


FUNCTION 


When writing to 
program memory 
or verifying its 
contents 


WHEN 
RESET 


POB 


Input/ 
output 


RLShaLT 


MDq 


• N-ch open-drain 
4-bit input/ 
output port 
(port OB) 


For the HALT 
mode releasing 

For the STOP 
mode releasing 


Mode selection pin 


High impedance 
(input mode) 


POB-i 


RLSsTOP 




POB 2 


MD 2 


POCo 


Input/ 
output 


D 4 


• CMOS (push-pull) 4-bit input/output 
port (port OC) 


8-bit data input/ 
output pin (high- 
order 4 bits) 


High impedance 
(input mode) 


POCt 


D 5 


POC2 


D 6 


POC3 


D? 


POD 


Input/ 
output 


D 


• CMOS (push-pull) 4-bit input/output 
port (port OD) 


8-bit data input/ 
output pin (low- 
order 4-bits) 


High impedance 
(input mode) 


POD-| 


D1 


POD2 


D 2 


POD3 


D3 



• Non-port pins 



PIN 
NAME 


INPUT/ 
OUTPUT 


DUAL 






FUNCTION 
PIN 


FUNCTION 


When writing to program memory or verify- 
ing its contents 


RESET 


Input 


Vpp 


System reset input pin 


Voltage is applied to this pin (+12.5 V) 


V D D 






Positive power supply pin 


Positive power supply pin (+6.0 V) 


GND 






GND pin 


GND pin 


X|N 






Pins to be connected to the system clock 
resonator 


Program memory address update 


*OUT 




MD 3 


Pins to be connected to the system clock 
resonator 


Mode selection pin 
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PIN INPUT/OUTPUT CIRCUITS 

Following are schematics of the input/output circuits of the pins of the /IPD17P103. 

(1) POCandPOD 



(2) P0B o andP0Bi 



r 



output 
disable 



V DD 

IE" M 



V D D 



-O IN/OUT 



output 
disable 



X>HF nc 



VDD 




JT 



-O IN/OUT 
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(3) POB 2 



-O IN/OUT 



output 
disable 



(4) RESET 



V D D 



IN O- 




JT 
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9. DIFFERENCES BETWEEN THE juPD17P103 AND MPD17103 

The /IPD17P103 is a one-time PROM version of the /iPD17103, in which the internal mask ROM is replaced with 
a one-time PROM. The /XPD17P103 has the same CPU functions and internal hardwares as those of /xPD17103 
except for its program memory and mask option. Table 9-1 lists the differences between them. 



Table 9-1 Differences between /JPD17P103 and //PD17103 



ITEM 


juPD17P103 


juPD17103 


ROM 


One-time PROM 
512 x 16 bits 


Mask ROM 
512 x 16 bits 


Pull-up resistors of pins POBn to POB2 


None 


Mask option 


Pull-up resistors of RESET pin 


None 


Mask option 


Connection pin 


Vpp pin and operation mode 
selection pins are provided. 


Vpp pin and operation mode 
selection pins are not provided. 


Power supply 


2.7 to 6.0 V (at 2 MHz) 
4.5 to 6.0 V (at 8 MHz) 


Package 


16-pin DIP 
16-pin SOP 
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10. WRITING TO AND VERIFYING ONE-TIME PROM (PROGRAM MEMORY) 

The juPD17P103's internal program memory consists of a 512 x 16 bit one-time PROM. 

Writing to the one-time PROM or verifying the contents of the PROM is accomplished using the pins shown in 
the table below. Note that address inputs are not used; instead, the address is updated using the clock input from 
the X|n pin. 



PIN NAME 


FUNCTION 


Vpp 


Voltage is applied to this pin when writing to program memory or verifying its contents. 




Input pin for address update clock used when writing to program memory or verifying 
its contents. 


MD to MD 3 


Pins that turn to input pins and are used as operation mode selection pins when writing 
to program memory or verifying its contents 


Dq to D 7 


Input/output pins for 8-bit data used when writing to program memory or verifying its 
contents 



10.1 Program Memory Write/Verify Modes 

If +6 V is applied to the Vqd P' n and +12.5 V is applied to the Vpp pin after a certain duration of reset status 
(Vqq = 5 V, RESET = V), the juPD17P103 enters program memory write/verify mode. A specific operating mode 
is then selected by setting the MD through MD3 pins as follows. Set the other unused pins to GND level by means 
of pull-down resistors. 



Operating mode specification 


Operating mode 


Vpp 


Vdd 


MD 


MDt 


MD 2 


MD 3 






H 


L 


H 


L 


Program memory address clear mode 


+12.5 V 


+6 V 


L 


H 


H 


H 


Write mode 


L 


L 


H 


H 


Verify mode 






H 


X 


H 


H 


Program inhibit mode 



X: L (low) or H (high) 



10.2 Writing to Program Memory 

The procedure for writing to program memory is described below: high-speed write is possible. 

(1) Pull low the levels on all unused pins to GND by means of resistors. Bring X|n to low level. 

(2) Apply 5 V to V DD and bring Vp P to low level. 

(3) Wait 10 ms. Then apply 5 V to Vpp. 

(4) Set the mode selection pins to program memory address clear mode. 

(5) Apply 6 V to V DD and 12.5 V to Vpp. 

(6) Select program inhibit mode. 

(7) Write data in 1 ms write mode. 

(8) Select program inhibit mode. 

(9) Select verify mode. If the write operation is found successful, proceed to step (10). If the operation is found 
unsuccessful, repeat steps (7) to (9). 

(10) Perform additional write for (number of repetitions of steps (7) to (9)) x 1 ms. 

(11) Select program inhibit mode. 

(12) Increment the program memory address by one on reception of four pulses on the X|n pin. 
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(13) Repeat steps (7) to (12) until the last address is reached. 

(14) Select program memory address clear mode. 

(15) Apply 5 V to the Vpp and Vpp pins. 

(16) Turn power off. 



The timing for steps (2) to (12) is shown below. 



Repeat X times 



Vpp 



V D D 



Vpp 

V D D 
GND 
V DD +1 

V D D 
GND 



X|N 
D to D 8 

MD 

MD 2 
MD 3 



_ Additional 
write 



Address 
increment 



- < Data input > - ( gfc,, 



-fl — ( Data inpTt^)— ^ — £~ 



J* 



10.3 Reading Program Memory 

(1) Pull low the levels of all unused pins to GND by means of resistors. Bring Xin to low level. 

(2) Apply 5 V to Vpp and bring Vpp to low level. 

(3) Wait 10 /is. Then apply 5 V to Vpp. 

(4) Set the mode selection pins to program memory address clear mode. 

(5) Apply 6 V to Vpp and 12.5 V to Vpp. 

(6) Select program inhibit mode. 

(7) Select verify mode. Data is output sequentially one address at a time for each cycle of four clock pulses on the 
Xin pin. 

(8) Select program inhibit mode. 

(9) Select program memory address clear mode. 

(10) Apply 5 V to the Vpp and Vpp pins. 

(11) Turn power off . 



2-292 



NEC 



HPD17P103 



The timing for steps (2) to (9) is shown below. 
Vpp 

V PP 

v D d 

GND 
VdD + 1 

VDD 

v D d r 

GND -J 



MD 



MD-i 



MD 2 



MD3 



iWWWWWA 



Dq to Dq . ^ Data output Data output 
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11. RESERVED WORDS 

Table 11-1 lists the reserved words defined in the /uPD17P103 device file (AS17103). 



Table 11-1 Reserved Words 



Name 


Attribute 


Value 


Read/write 


Description 


POBO 


FLG 


0.71 H.O 


Read/write 


Bit of port OB 


P0B1 


FLG 


0.71H.1 


Read/write 


Bit 1 of port OB 


P0B2 


FLG 


0.71H.2 


Read/write 


Bit 2 of port OB 


# P0B3 


FLG 


0.71 H.3 


Read 


Always set to 


POCO 


FLG 


0.72H.0 


Read/write 


Bit of port OC 


P0C1 


FLG 


0.72H.1 


Read/write 


Bit 1 of port OC 


P0C2 


FLG 


0.72H.2 


Read/write 


Bit 2 of port OC 


P0C3 


FLG 


0.72H.3 


Read/write 


Bit 3 of port OC 


PODO 


FLG 


0.73H.0 


Read/write 


Bit of port OD 


P0D1 


FLG 


0.73H.1 


Read/write 


Bit 1 of port OD 


POD2 


FLG 


0.73H.2 


Read/write 


Bit 2 of port OD 


P0D3 


FLG 


0.73H.3 


Read/write 


Bit 3 of port OD 


BCD 


FLG 


0.7EH.0 


Read/write 


BCD arithmetic flag 


PSW 


MEM 


0.7 FH 


Read/write 


Program status word 


z 


FLG 


0.7FH.1 


Read/write 


Zero flag 


CY 


FLG 


0.7FH.2 


Read/write 


Carry flag 


CMP 


FLG 


0.7FH.3 


Read/write 


Compare flag 



* Although P0B3 does not exist in the /uPD17P103, it is defined as a ready-only flag so that it is 
treated as a dummy bit when a built-in macro is used. 
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12. INSTRUCTION SET 
12.1 Instruction Set List 



b 15 





1 


BIN 


HEX 








ADD r, m 


ADD m, #i 


1 


1 


SUB r, m 


SUB m, #i 


10 


2 


ADDC r, m 


ADDC m, #i 


11 


3 


SUBC r, m 


SUBC m, #i 


10 


4 


AND r, m 


AND m, #i 


10 1 


5 


XOR r, m 


XOR m, #i 


110 


6 


OR r, m 


OR m, #i 


111 


7 


RET 
RETSK 

RORC r 
STOP s 
HALT h 
NOP 




10 


8 


LD r, m 


ST m, r 


10 1 


9 


SKE m, Si 


SKGE m, Jti 


10 10 


A 






10 11 


B 


SKNE m, #i 


SKLT m, #i 


110 


C 


BR addr 


CALL addr 


110 1 


D 




MOV m, *i 


1110 


E 




SKT m, #n 


1111 


F 




SKF m, *n 
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12.2 INSTRUCTIONS LIST 



Legend: 

M : One of data memory n : Bit position : 4 bits 

m : Data memory address specified by [m H . m L ] of each bank addr : One of program memory address ; 11 bits 

m H : Data memory address high (row address) ; 3 bits a H •' Program memory address high ; 3 bits 

m L : Data memory address low (column address) ; 4 bits a M : Program memory address middle ; 4 bits 

R : One of general register specified by [(RP), r] a L : Program memory address low ; 4 bits 

r : General register address low (column address) ; 4 bits CY : Carry flag 

RP : General register pointer CMP : Compare flag 

PC : Program counter s : Stop release condition 

SP : Stack pointer h : Halt release condition 

STACK : Stack specified by (SP) [ ] : Address of M , R 

i : Immediate data ; 4 bits ( ) : Contents of M,R 





Mnemonic 


Operand 


Function 


Operation 


Machine code 


H 


Op code 


3 bits 


4 bits 


4 bits 




ADD 


r,m 


Add memory to register 


R— (R) + (M) 


00000 


m H 


m L 


r 


< 


m, #i 


Add immediate data to memory 


M— (M) + i 


10000 


m H 


m L 


i 


ADDC 


r, m 


Add memory to register with carry 


R«- (R) + (M) + (CY) 


00010 


m H 


m L 


r 




m, #i 


Add immediate data to memory with carry- 


R«- (M) + i+ (CY) 


10010 


m H 


m L 






SUB 


r,m 


Subtract memory from register 


R- (R) - (M) 




m H 


m L 




1 




Subtract immediate data from memory 




10001 


m H 


m L 




Subt 


SUBC 


r,m 


Subtract memory from register with borrow 


R- (R) - (M) - (CY) 


00011 


m H 


m L 


r 




m, #i 


Subtract immediate data from memory with borrow 


M— (M) - i - (CY) 


10011 


m H 


mL 


i 




SKE 


m, #i 


Skip if memory equal to immediate data 


M-i, skip if zero 


01001 


m H 


m L 




& 


SKGE 


m, #i 


Skip if memory greater than or equal to immediate data 


M-i, skip if not borrow 


11001 


m H 


m L 




1 


SKLT 


m, #i 


Skip if memory less than immediate data 


M-i, skip if borrow 


11011 


m H 


m L 


i 




SKNE 


m, #i 


Skip if memory not equal to immediate data 


M-i, skip if not zero 


01011 


m H 


m L 


i 




AND 


m, #i 


Logical AND of memory and immediate data 


M— (M) AND i 


10100 


m H 


m L 




e 


r,m 


Logical AND of register and memory 


R- (R) AND (M) 


00100 


m H 


m L 


r 


1 


OR 


m, #i 


Logical OR of memory and immediate data 


M«- (M) OR i 


10110 


m H 


m L 


i 




r,m 


Logical OR of register and memory 


R- (R) OR (M) 


00110 


m H 


m L 


r 


be 

.3 


XOR 


m, #i 


Logical XOR of memory' and immediate data 


M«- (M) XOR i 


10101 


m H 


m L 






r,m 


Logical XOR of register and memory 


R- (R) XOR (M) 


00101 


m H 


m L 


r 




LD 


r,m 


Load memory to register 


R«- (M) 


01000 


m H 


m L 


r 


> 


ST 


m,r 


Store register to memory 


(M)«-R 


11000 


m H 


m L 


r 




MOV 


m, #i 


Move immediate data to memory 


M-i 


11101 


m H 


m L 






SKT 


m, #n 


Test memory bits, 

then skip if all bits specified are true 


CMP«-0 

skip if M„ = all "1" 


11110 


m H 


m L 


n 


SKF 


m. #n 


Test memory bits, 

then skip if all bits specified are false 


CMP-0 

skip if M„ = all "0" 


11111 


m H 




n 
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| Type | 


Mnemonic 


Operand 


Function 


Operation 


Machine code 


Op code 


3 bits 


4 bits 


4 bits 


| Branch 


BR 


addr 


Jump to the address 


PC ^A DDR 


01100 








Shift 


RORC 


r 


Rotate register right with carry 


(CY) — (R)— CY 


00111 


000 


0111 




| Subroutine 


CALL 


addr 


Call subroutine 


SP«-(SP)-1 
STACK«-((PC)+1). 
PC*- A DDR 


11100 


a H 






RET 




Return to main routine from subroutine 


PCHSTACK),SP-(SP) + 1 


00111 


000 


1110 


0000 


RETSK 




Return to main routine from subroutine, then skip 
unconditionally 


PCMSTACK).SP«-(SP) + 1 
and skip 


00111 


001 


1110 


0000 


| Miscellaneous 


STOP 


s 


Stop clock 


STOP 


00111 


010 


1111 


s 


HALT 


h 


Halt the CPU, restart by condition h 


HALT 


00111 


Oil 


1111 


h 


NOP 




No operation 


No Operation 


00111 


100 


1111 


0000 
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13. ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS (T a = 25°C) 



Supply Voltage 


Vdd 




-0.3 to +7.0 


V 


Supply Voltage 


Vp P 




-0.3 to +13.5 


V 


Input Voltage 


Vi 


POC, POD 


—0.3 to Vdd + 0-3 


v 






POB 


-0.3 to +1 1 


V 


Output Voltage 


v 


POC, POD 


-0.3 to V DD +0.3 


V 






POB 


-0.3 to +1 1 


V 


High-Level Output Current 


•oh , 


Each of POB, POC, POD 


-5 


mA 






Total of all pins 


-15 


mA 


Low-Level Output Current 


'OL 


Each of POB, POC, POD 


30 


mA 






Total of all pins 


100 


mA 


Operating Temperature 


"^opt 




-40 to +85 


°C 


Storage Temperature 


T s tg 




-65 to +150 


°C 


Power Consumption 


Pd 


T a = 85°C 16-pin DIP 


400 


mW 






16-pin SOP 


190 





CAPACITANCE (T a = 25 °C, Vdd =0V) 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITIONS 


Input Capacitance 


C|N 






15 


pF 


f=1 MHz 

V for pins other than pins to be measured 


I/Of*' Capacitance 


C|0 






15 


pF 



*: Input/Output 
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DC CHARACTERISTICS (T a = -40 to +85 °C, V D D = 2.7 to 6.0 V) 



CHARACTERISTICS 


SYMBOL 










UUlMLM 1 IUN 


High- Level Input Voltage 


V IH1 


0-7 Vqd 




Vqd 




Other than the following pins and port 


V|H2 


0.8 Vqd 




V D D 


V 


POB and RESET 


V|H3 


0.8 V DD 




9 


V 


POB (•) 


V|H4 


Vdd-0.5 




VDD 


V 


X|N 


Low- Level Input Voltage 


V|L1 







0.3 Vqd 


V 


Other than the following pins and port 


V|L2 







0.2 V DD 


V 


POB and RESET 


V|L3 







0.5 


V 


XlN 


High- Level Output Voltage 
on POC and POD 


VoH 


Vdd-2-0 






V 


Vdd=4.5 to 6.0 V, 
'OH—2 mA 


V DD -1.0 






V 


l O H=-200 mA 


Low- Level Output Voltage 
on POB, POC, and POD 


vol 






2.0 


V 


V DD =4.5to 6.0 V, 
1 q |_ = 1 5 mA 






0.5 


V 


IOL = 600 mA 


High-Level Input Leakage 
Current on POB, POC, 
and POD 


'LIH1 






5 


MA 


v IN =v DD 


>LIH2 






10 


MA 


V| N =9V <*» 


Low- Level Input Leakage 
Current on POB, POC, 
and POD 


>LIL 






-5 


ma 


V, N =0 V 


High- Level Output Leakage 
Current on POB, POC, 
and POD 


'LOH1 






5 


MA 


VOUT^Vdd 


'LOH2 






10 


MA 


V0UT=9 V (*> 


Low-Level Output Leakage 
Current on POB, POC, 
and POD 


•lol 






-5 


juA 


v ut=o v 


Power Supply Current 


'DD1 




1.5 


4.5 


mA 


Operation 
mode 


V DD =5.0 V±10%, 
fcc=8.0 MHz 




250 


750 


MA 


V DD =3.0 V±10%, 

fcc =2 -° MHz 


'DD2 




1.0 


3.0 


mA 


HALT 
mode 


V DD =5.0 V ±10 %, 
f(X =8 -0 MHz 




200 


600 


M A 


V DD =3.0 V ±10%, 
fCC=2.0 MHz 


'DD3 




0.1 


10 


juA 


STOP 
mode 


V DD =5.0 V±10%, 




0.1 


5 


ma 


V DD =3.0 V±10% 



*: When N-ch open-drain input/output is selected. 
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CHARACTERISTICS OF DATA MEMORY FOR HOLDING DATA ON LOW SUPPLY 
VOLTAGE IN THE STOP MODE (T a = -40 to +85 °C) 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


Data Hold Supply Voltage 


V DDDR 


2.0 




6.0 


V 




Data Hold Supply Current 


'DDDR 




0.1 


5.0 


mA 


VDDDR = 2.0 V 


Release Signal Set Time 


*SREL 









JUS 




AC CHARACTERISTICS (T a = -40 to +85 °C, V D d = 2.7 to 6.0 V) 


CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


Internal Clock Cycle Time 


T CY 


1.9 




33 


MS 


Vdd =4.5 to 6.0 V 


7.6 




33 


MS 




High/Low Level Width on POBq and P0B-| 


T PBH 
T PBL 


10 






MS 




High/Low Level Width on RESET 


T RSH 
T RSL 


10 






MS 




DC PROGRAMING CHARACTERISTICS 

(T a = 25 °C, V D D = 6.0 ±0.25 V, V PP = 12.5 ±0.5 V) 


CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


Input Voltage High 


V|H1 


0.7-V DD 




Vdd 


V 


Except X|N 


V|H2 


Vdd-0.5 




v D d 


V 


X|N 


Input Voltage Low 


V|L1 







0.3 Vdd 


V 


Except X|N 


V|L2 







0.4 


V 


X, N 


Input Leakage Current 


"LI 






10 


M A 


V|N = V| L or V| H 


Output Voltage High 


V H 


vdd-10 






V 


'OH = -1 rn A 


Output Voltage Low 


vol 






0.4 


V 


lOL = 1-6 mA 


Vdd Power Supply Current 


'dd 






30 


mA 




Vpp Power Supply Current 


Ipp 






30 


mA 


MD0 = V| L , MD1 = V| H 



Notes 1: Vpp must be under +13.5 V including overshoot. 

2: Vdd mu st be applied before Vpp on and must be off after Vpp off. 
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AC PROGRAMMING CHARACTERISTICS 

(T a = 25 °C, Vdd = 6.0 ±0.25 V, V PP = 12.5 ±0.5 V) 



CHARACTERISTICS 


SYMBOL 


• 1 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


Address Set Up Time<* 2 ) to MDO i 


*AS 


*AS 


2 






MS 




MD1 Setup Time to MDO 1 


t M1S 


tQES 


2 






MS 




Data Setup Time to MDO i 






2 






MS 




Address Hold Time<*2) to MDO t 


*AH 


*AH 


2 






MS 




Data Hold Time to MDO t 






2 










Data Output Float Delay Time From 
MDO t-* 


tDF 


tDF 







130 


ns 




Vpp Setup Time to MD3 t 


*VPS 


tVPS 


2 






MS 




Vqd Setup Time to MD3 t 


WDS 


tvcs 


2 






MS 




Initial Program Pulse Width 


t PW 


t PW 


0.95 


1.0 


1.05 


ms 




Additional Program Pulse Width 


tOPW 


tOPW 


0.95 




21.0 


ms 




MDO Setup Time to MD1 t 


tMOS 


tCES 


2 






MS 




Data Output Delay Time From MDO I-* 


*DV 


tDV 






1 


MS 


MDO = MD1 = V| L 


MD1 Hold Time to MDO t 


t M1 H 


tOEH 


2 






MS 


*M1H + tM1R ^ 50 MS 


MD1 Recovery Time to MDO 1 


*M1R 


tOR 


2 






MS 


Program Counter Reset Time 


tPCR 




10 






MS 




X|^ Input High, Low Level Range 


tXH. *XL 










MS 




X||\j Input Frequency 


fx 


- 






4.19 


MHz 




Initial Mode Set Time 


t| 


_ 


2 






MS 




MD3 Setup Time to MD1 t 


*M3S 




2 






MS 




MD3 Hold Time to MD1 i 


*M3H 




2 






MS 




MD3 Setup Time to MDO 1 


t M3SR 




2 






MS 


Read program memory 


Data Output Delay Time From 
Address< #2 > 


*DAD 


*ACC 


2 






MS 


Read program memory 


Data Output Hold Time From 
Address** 2 ) 


*HAD 


*OH 







130 


ns 


Read program memory 


MD3 Hold Time to MDO t 


*M3HR 




2 






MS 


Read program memory 


Data Output Float Delay Time From 
MD3 


tDFR 




2 






MS 


Read program memory 


Reset Setup Time 


t RES 




10 






MS 





*1 : Symbols for corresponding mPD27C256. 

*2: Internal address signal is incremented by one at the falling edge of the third X||\j input, and it is not connected to the pin. 
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Write program memory timing 



V P p 

v D d 

GND 
Vdd+1 
V DD 
GND 
XI 



J 



1 



J- 



— ■ -hiv 



Yj' — X 



4tl 



^oJtput ^ " 1|— 3 * Data input 

tnw tn\/ tnp — * -t DS - "" — 



tM1S l M1H 



-tDH 
-tAH- 



Read program memory timing 



Vpp 

V D D 
GND 
VDD+1 

V D D 
GND 




WWW\/\A- 

-* tHAD ^ 

Data output Data output""""^^~ 



> 



3HR— mi 
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4-BIT SINGLE-CHIP MICROCONTROLLER 



The //PD17P104 is a tiny microcontroller consisting of a 1K-byte ROM, 16-word RAM, and 16 input/output 
ports. It is a one-time PROM version of the /LtPD17104, whose internal mask ROM is replaced with a one-time 
PROM. 

Two juPD17P104 models are available: /iPD17P104CS and /iPD17P104GS, which allow a program to be written 
only once. They are suitable for evaluation of /xPD17104 and for small-scale production. 

The /IPD17000 architecture of the CPU uses general registers so that data memory can be manipulated directly 
for effective programming. Every instruction is 1 word long, consisting of 16 bits. 

FEATURES 

• Compatible with the fiPDI 71 04 

• Program memory (one-time PROM): IK bytes (512 words x 16 bits) 

• Data memory (RAM): 16 words x 4 bits 

• Input/output ports: 16 ports (including four N-ch open-drain outputs) 

• Instruction execution time: 2 fis (with 8 MHz crystal or ceramic resonator connected) 

• Number of instructions: 24 (Each instruction is 1 word long.) 

• Stack level: 1 

• A standby function is supported (with the STOP and HALT instructions). 

• Data memory can retain data on low voltage (2.0 V at minimum). 

• An oscillator is included for the system clock (for crystal or ceramic resonator). 

• Operating supply voltage: 2.7 to 6.0 V (at 2 MHz) 

4.5 to 6.0 V (at 8 MHz) 

APPLICATIONS 

• Controlling electric appliances or toys 

• Providing general-purpose logic ICs in one chip 

ORDERING INFORMATION 

Order Code Package 

juPD17P104CS 22-pin plastic shrink DIP (300 mil) 
MPD17P104GS 24-pin plastic SOP (300 mil) 
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PIN CONFIGURATION (Top View) 



MPD17P104CS 



MPD17P104GS 



P0A 3 o—fT" 

NC — [T 

POC0/D4 o^jT 

POCVD5 o— [T 
P0C 2 /D 6 

POC3/D7 o — ["7" 

POBq/RLShaLT/MDo H" 

pobt/rlsstop/mdi o**fT 

POB2/MD2 o-^jT" 

POB3 o— £10 

GND O [77 



22J— o 
o 

7i}— -o 
77)— « 

76V— O 
15]— o 

77)*-o 

73]— o 
77]— o 



22-pin plastic shrink DIP 



V D D 
POA 2 
POA1 
POA 
POD3/D3 
POD 2 /D 2 
POD^Dt 

PODn/Do POB /RLS H ALT/MD O-— 
RESET/Vpp POBt/RLSstOP/MDi °-~0L 
X0UT/MD3 P0B 2 /MD 2 o— {To 

X| N TOB 3 °HH 

GND o — Q]7 



POA3 o**p" O 

HI 

POC0/D4 o— 

POC1/D5 o— |T 

P0C 2 /D 6 o— 

POC3/D7 o— 

NC o — n~ 



24}~0 Vqd 

23[~Q POA 2 

22J— O POA1 

2l}— O POAo 

2o]~-o POD3/D3 

79j— O POD 2 /D 2 

T1b|— o NC 

77]— O PODi/Dt 

TeJ— o POD /D 

T^-P RESET/Vpp 

2fJ^° xout/md3 

73]— o X, N 



24-pin plastic SOP 



BLOCK DIAGRAM 



POAo 
POA-, 
P0A 2 
POA3 . 



POBo/RLShaLT/MDo 
POB^RLSstOP/MDi 1 
P0B 2 /MD 2 
POB3 



POC0/D4 1 

POC^Ds < 
P0C 2 /D 6 

POC3/D7 ' 



POD0/D0 1 
POD^D, 1 
POD 2 /D 2 
POD3/D3 



RESET/Vpp ' 



VDD 
GND 



N-ch open drain 

,B w 



A— N 
W 



W 




RAM 

16x4 bits 



One-Time 
PROM 



V 



-O X| N 

*<> X0UT/MD3 



M TT , 

( J Program Counter I 



22. 



Stack 1 x 9 bits I 
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PIN FUNCTIONS 



• Port pins 



PIN 
NAME 


INPUT/ 
OUTPUT 


DUAL FUNCTION 
PIN 


FUNCTION 


When writing 
to program 
memory or 
verifying 
its contents 


WHEN 
RESET 


POAo 
POA-| 
POA2 
POA3 


Input/output 




• CMOS (push-pull) 4-bit input/ 
output port (port OA) 


Pull down 


High 

impedance 

(input 

mode) 


POB 


Input/output 


Rlshalt 


MD 


• N-ch open-drain 
4-bit input/ 
output port 


For the HALT 
mode releasing 


Mode 

selection 

pin 


High 

impedance 

(input 

mode) 


POB-j 


RLS ST0P 




For the STOP 
mode releasing 


P0B 2 


MD2 


(port OB) 




POB3 






Pull down 


P0C 


Input/output 


D 4 


• CMOS (push-pull) 4-bit input/ 
output port (port OC) 


8-bit data 
input/output 
pin (high- 
order 4 bits) 


High 

impedance 

(input 

mode) 


POC) 


D 5 


POC2 


D 6 


POC3 


D 7 


POD 


Input/output 


D 


• CMOS (push-pull) 4-bit input/ 
output port (port OD) 


8-bit data 
input/output 
pin (low- 
order 4-bits) 


High 

impedance 

(input 

mode) 


P0D-| 


D1 


POD2 


D 2 


POD3 


D 3 



• Non-port pins 



PIN 
NAME 


INPUT/ 
OUTPUT 


DUAL FUNCTION 
PIN 


FUNCTION 


When writing to program 
memory or verifying its 
contents 


RESET 


Input 


V PP 


System reset input pin 


Voltage is applied to this pin 
(+12.5 V) 


V D D 






Positive power supply pin 


Positive power supply pin 
(+6.0 V) 


GND 






GND pin 


GND pin 


X IN 






Pins to be connected to the system 
clock resonator 


Program memory address 
update 


x OUT 




MD 3 


Pins to be connected to the system 
clock resonator 


Mode selection pin 


NC 






NC pin is not connected internally. 
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PIN INPUT/OUTPUT CIRCUITS 

Following are schematics of the input/output circuits of the pins of the MPD17P104. 

(1) POCand POD 



v D d 



(2) POBoandPOB! 



r 



output 
disable 



VDD 



-Q IN/OUT 



output 
disable " 



3> 



JT 



v D d 




-O IN/OUT 
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9. DIFFERENCES BETWEEN THE mPD17P104 AND MPD17104 

The MPD17P104 is a one-time PROM version of the /iPD17104, in which the internal mask ROM is replaced 
with a one-time PROM. The juPD17P104 has the same CPU functions and internal hardwares as those of AiPD17104 
except for its program memory and mask option. Table 9-1 lists the differences between them. 



Table 9-1 Differences between juPD17P104 and /iPD17104 



ITEM 


juPD17P104 


MPD17104 


ROM 


One-time PROM 
512x16 bits 


Mask ROM 
512x16 bits 


Pull-up resistors of pins 
POBo to P0B 3 


None 


Mask option 


Pull-up resistors of 
RESET pin 


None 


Mask option 


Connection pin 


Vpp pin and operation mode 
selection pins are provided. 


Vpp pin and operation mode 
selection pins are not provided. 


Power supply 


2.7 to 6.0 V (at 2 MHz) 
4.5 to 6.0 V (at 8 MHz) 


Package 


22-pin plastic shrink DIP 
24-pin plastic SOP 


Waiting time for 
the operation mode 


16 clock pulses 


8 clock pulses 
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10. WRITING TO AND VERIFYING ONE-TIME PROM (PROGRAM MEMORY) 

The /uPD17P104's internal program memory consists of a 512 x 16 bit one time PROM. 

Writing to the one-time PROM or verifying the contents of the PROM is accomplished using the pins shown in 
the table below. Note that address inputs are not used; instead, the address is updated using the clock input from 
the X|n pin. 



PIN NAME 


FUNCTION 


Vrp 


Voltage is applied to this pin when writing to program memory or verifying its contents. 


X|N 


Input pin for address update clock used when writing to program memory or verifying 
its contents 


MDq to MD3 


Pins that turn to input pins and are used as operation mode selection pins when writing 
to program memory or verifying its contents 


D to D 7 


Input/output pins for 8-bit data used when writing to program memory or verifying its 
contents 



10.1 PROGRAM MEMORY WRITE/VERIFY MODES 

If +6 V is applied to the Vdd P' n a nd +12.5 V is applied to the Vpp pin after a certain duration of reset status 
(Vdd = 5 V, RESET = V), the £iPD1 7P104 enters program memory write/verify mode. A specif ic operating mode 
is then selected by setting the MD through MD 3 pins as follows. Set the other unused pins to GND level by means 
of pull-down resistors. 



OPERATING MODE SPECIFICATION 


OPERATING MODE 


Vpp 


Vdd 


MD 


MD, 


MD 2 


MD 3 


+12.5 V 


+6 V 


H 


L 


H 


L 


Program memory address clear mode 


L 


H 


H 


H 


Write mode 


L 


L 


H 


H 


Verify mode 


H 


X 


H 


H 


Program inhibit mode 



X: L (low) or H (high) 



10.2 WRITING TO PROGRAM MEMORY 

The procedure for writing to program memory is described below; high-speed write is possible. 

(1 ) Pull low the levels on all unused pins to GND by means of resistors. Bring X !N to low level. 

(2) Apply 5 V to Vdd a " d bring V PP to low level. 

(3) Wait 10 pts. Then apply 5 V to Vpp. 

(4) Set the mode selection pins to program memory address clear mode. 

(5) Apply 6 V to V DD and 12.5 V to V PP . 

(6) Select program inhibit mode. 

(7) Write data in 1 ms write mode. 

(8) Select program inhibit mode. 

(9) Select verify mode. If the write operation is found successful, proceed to step (10). If the operation is found 
unsuccessful, repeat steps (7) to (9). 

(10) Perform additional write for (number of repetitions of steps (7) to (9) ) x 1 ms. 

(11) Select program inhibit mode. 
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(12) Increment the program memory address by one on reception of four pulses on the Xin pin. 

(13) Repeat steps (7) to (12) until the last address is reached. 

(14) Select program memory address clear mode. 

(15) Apply 5 V to the Vqd and Vpp pins. 

(16) Turn power off . 

The timing for steps (2) to (12) is shown below. 



Repeat X times 



Vpp 

V PP 

V DD 
GND 

Vdd + 1 
V D D Vdd 

GND 
X, N 



Do to D7 



MDg 



MDt 



Additional 
write 



Address 
increment 



~~w — v_v — tr 

J v "> 



JVWV 



- ( Data input ) - ( g*g ut ) \\ ( Data input > - 



MD 2 



MD 3 



J- 



10.3 READING PROGRAM MEMORY 

(1) Pull low the levels ot all unused pins to GND by means of resistors. Bring X|n to low level. 

(2) Apply 5 V to Vqd and bring Vpp to low level. 

(3) Wait 10 /is. Then apply 5 V to Vpp. 

(4) Set the mode selection pins to program memory address clear mode. 

(5) Apply 6 V to V DD and 12.5 V to Vpp. 

(6) Select program inhibit mode. 

(7) Select verify mode. Data is output sequentially one address at a time for each cycle of four clock pulses on the 
X| N pin. 

(8) Select program inhibit mode. 

(9) Select program memory address clear mode. 

(10) Apply 5 V to the Vdd and Vpp pins. 

(11) Turn power off. 
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The timing for steps (2) to (9) is shown below. 



V PP 

GND 
V D D + 1 
V D D V DD 

GND 



AAAAAAAAAAA 



D to D 7 ^ ~Data output"^ Data output 



MDt 
MD 2 

MD3 
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11. ASSEMBLER RESERVED WORDS 

Table 1 1-1 lists the reserved words defined in the /iPD17P104 device file (AS17104). 



Table 11-1 Reserved Words 



Name 


Attribute 


Value 


Read/write 


Description 


POAO 


FLG 


0.70H.0 


Read/write 


Bit Oof port OA 


P0A1 


FLG 


0.70H.1 


Read/write 


Bit 1 of port OA 


P0A2 


FLG 


0.70H.2 


Read/write 


Bit 2 of port OA 


P0A3 


FLG 


0.70H.3 


Read/write 


Bit 3 of port OA 


POBO 


FLG 


0.71 H.O 


Read/write 


Bit of port OB 


P0B1 


FLG 


0.71H.1 


Read/write 


Bit 1 of port OB 


P0B2 


FLG 


0.71 H. 2 


Read/write 


Bit 2 of port OB 


P0B3 


FLG 


0.71 H.3 


Read/write 


Bit 3 of port OB 


POCO 


FLG 


0.72H.0 


Read/write 


Bit of port 0C 


P0C1 


FLG 


0.72H.1 


Read/write 


Bit 1 of port 0C 


P0C2 


FLG 


0.72H.2 


Read/write 


Bit 2 of port 0C 


P0C3 


FLG 


0.72H.3 


Read/write 


Bit 3 of port 0C 


PODO 


FLG 


0.73H.0 


Read/write 


Bit of port 0D 


POD1 


FLG 


0.73H.1 


Read/write 


Bit 1 of port 0D 


P0D2 


FLG 


0.73H.2 


Read/write 


Bit 2 of port 0D 


POD3 


FLG 


0.73H.3 


Read/write 


Bit 3 of port 0D 


BCD 


FLG 


0.7EH.0 


Read/write 


BCD arithmetic flag 


PSW 


MEM 


0.7FH 


Read/write 


Program status word 


Z 


FLG 


0.7FH.1 


Read/write 


Zero flag 


CY 


FLG 


0.7FH.2 


Read/write 


Carry flag 


CMP 


FLG 


0.7FH.3 


Read/write 


Compare flag 
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12. INSTRUCTION SET 
12.1 INSTRUCTION SET LIST 



- b 15 

bi4 to bii^\^ 





1 


BIN 


HEX 








ADD r, m 


ADD m, si 


1 


1 


SUB r, m 


SUB m, =i 


10 


2 


ADDC r, m 


ADDC m, ci 


11 


3 


SUBC r, m 


SUBC m, si 


10 


4 


AND r, m 


AND m, =i 


10 1 


5 


XOR r, m 


XOR m, Si 


110 


6 


OR r, m 


OR m, si 


1 11 


7 


RET 
RETSK 

RORC r 
STOP s 
HALT h 
NOP 




10 


8 


LD r, m 


ST m, r 


10 1 


9 


SKE m, si 


SKGE m, si 


10 10 


A 






10 11 


B 


SKNE m, £i 


SKLT m, si 


110 


C 


BR addr 


CALL addr 


110 1 


D 




MOV m. Si 


1110 


E 




SKT m, Jin 


1111 


F 




SKF m, Sn 
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12.2 INSTRUCTIONS 



Legend : 



One of data memory 

Data memory address specified by [m H . m L ) of each bank 

Data memory address high (row address) : 3 bits 

Data memory address low (column address) ; 4 bits 

One of general register specified by [(RP). r] 

General register address low (column address) : 4 bits 

General register pointer 

Program counter 

Stack pointer 

Stack specified by (SP) 

Immediate data : 4 bits 



CY 
CMP 



[ ] 



Bit position '• 4 bits 

One of program memory address : 11 bits 

Program memory address high : 3 bits 

Program memory address middle : 4 bits 

Program memory address low ; 4 bits 

Carry flag 

Compare flag 

Stop release condition 

Halt release condition 

Address of M,R 

Contents of M,R 





Mnemonic 


Operand 


Function 


Operation 


Machine code 




Op code 


3 bits 


4 bits 


4 bits 




ADD 


r,m 


Add memory to register 


R«- (R) + (M) 


00000 


m H 


m L 


r 






Add immediate data to memory 


M- (M) + i 


10000 


m H 


m L 


i 


< 


ADDC 


r,m 


Add memory to register with carry 


R*~ (R) + (M) + (CY) 


00010 


m H 


m L 


r 




m, Si 


Add immediate data to memory with carry 


R«- (M) + i+ (CY) 


10010 


m H 


mi. 








r.m 


Subtract memory from register 


R- (R) - (M) 


00001 


m H 


mL 


r 


s 


m, Hi 


Subtract immediate data from memory 


M— <M> - i 


10001 


m H 


m t . 


i 


Subt 


SUBC 


r.m 


Subtract memory from register with borrow 


R— (R) - (M) - (CY) 


00011 


m H 


m L 


r 




m. Hi 


Subtract immediate data from memory with borrow 


M— (M) - i - (CY) 


10011 


m H 


m i. 






SKE 


m. m 


Skip if memory equal to immediate data 


M-i, skip if zero 


01001 




m L . 




pare 


SKGE 


m, £ i 


Skip if memory greater than or equal to immediate data 


M-i, skip if not borrow 


11001 


m H 


m L 


i 


Com 


SKLT 


m. Si 


Skip if memory less than immediate data 


M-i. skip if borrow 


11011 


m H 


m L 






SKNE 


m.Hi 


Skip if memory not equal to immediate data 


M-i. skip if not zero 


01011 


m H 


m i- 


i 




AND 


m, Hi 


Logical AND of memory and immediate data 


M— (M) AND i 


10100 


m H 


m L 




c 
o 


r.m 


Logical AND of register and memory 


R- (R) AND (M) 


00100 


m H 


m L 


r 


>peral 


OR 


m, Hi 


Logical OR of memory and immediate data 


M— <M> OR i 


10110 


m H 


m L 


i 


"re 


r.m 


Logical OR of register and memory 


R- (R) OR (M) 


00110 


m H 


m L 


r 


1 


XOR 


m, Hi 


Logical XOR of memory and immediate data 


M«- (M) XOR i 


10101 


m H 


m L 






r.m 


Logical XOR of register and memory 


R- (R) XOR (M) 


00101 


m H 


m L 


r 




LD 


r.m 


Load memory of register 


R— (M) 


01000 


m H 


m L 


r 


1 


ST 


m.r 


Store register to memory 


<M)«-R 


11000 


m H 


m L 


r 




MOV 


m, Hi 


Move immediate data to memory 


M-i 


11101 


m H 


m L 


i 


t 


SKT 


m,Sn 


Test memory bits, 

then skip if all bits specified are true 


CMP-0 

skip if M„ = all " 1 " 


11110 


m H 


m L 


n 




SKF 


m,Sn 


Test memory bits, 

then skip if all bits specified are false 


CMP - 

skip if M„ = al! "0" 


11111 


m H 
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Type 


Mnemonic 


Operand 


Function 


Operation 


Machine code 




3 bits 






| Branch 


BR 


addr 


Jump to the address 


PC-ADDR 


01100 


a H 


a M 


a L 


| Shift 


RORC 


r 


Rotate register right with carry 


(CY)-(R)^CY 


00111 


000 


0111 


r 


| Subroutine 


CALL 


addr 


Call subroutine 


STACK- ( (PC) + 1), 
PC-ADDR 


11100 


a H 


a M 


a L 


RET 




Return to main routine from subroutine 


PC-<STACK).SP-<SP> + 1 


00111 


000 


1110 


0000 


RETSK 




Return to main routine from subroutine. then skip 
unconditional 


PC-(STACK).SP-<SP) + 1 
and skip 


00111 


001 


1110 


0000 


| Miscellaneous 


STOP 


s 


Stop clock 


STOP 


00111 


010 


mi 


s 


HALT 


h 


Halt the CPU, restart by condition h 


HALT 


00111 


011 


mi 


h 


NOP 




No operation 


No Operation 


00111 


100 


nil 


0000 
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13. ELECTRICAL CHARACTERISTICS (PRELIMINARY) 

ABSOLUTE MAXIMUM RATINGS (T a - 25 °C) 

Supply Voitage 
Supply Voltage 

Input Voltage 
Output Voltage 
High-Level Output Current 

Low-Level Output Current 

Operating Temperature 
Storage Temperature 

Power Consumption 



Vdd 




-0.3 to +7.0 


V 


Vpp 




-0.3 to +13.5 


V 




POA. POC, POD 


-0.3 to V DD +0.3 


V 


V| 


POB 


-0.3 to +1 1 


V 


V 


POA, POC, POD 
POB 


-0.3 to V DD +0.3 
-0.3 to +1 1 


V 
V 


•oh 


Each of POA, POB, POC, POD 
Total of all pins 


-5 
-15 


mA 
mA 


lOL 


Each of POA, POB, POC, POD 
Total of all pins 


30 
100 


mA 
mA 


T opt 




-40 to +85 


°C 


Tstg 




-65 to +150 


°C 


Pd 


22-pin shrink DIP 

T a = 85°C 

24-pin SOP 


400 
250 


mW 



CAPACITANCE (T a - 25 °C, V D d - V) 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITIONS 


Input Capacitance 


C|N 






15 


PF 


f = 1 MHz 

V for pins other than pins to be 
measured 


I/Ot*) Capacitance 


C|0 






15 


pF 



* Input/output 
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DC CHARACTERISTICS (T a = -40 to +85 °C, Vdd = 2.7 to 6.0 V) 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


conditions 


High-Level Input Voltage 


V|H1 


0.7 V DD 




vdd 


V 


Other than the following pins and port 


V|H2 


0.8 V DD 




vdd 


V 


POB and RESET 


V IH3 


0.8 V DD 




9 


V 


POB (•) 


V|H4 


Vdd-05 




vdd 


V 


X IN 


Low-Level Input Voltage 


V|L1 







0.3 V DD 


V 


Other than the following pins and port 


Vn i 
v IL2 


o 




0.2 Vdd 




rl)o and Hbot 1 


Vi i r> 

V IL3 










X IN 


High-Level Output Voltage 
on POA, POC, and POD 


V H 


Vdd- 2.0 






V 


Vdd = 4 5 to 6 v, Ioh = -2 mA 


v D d- i.o 






V 


lOH = -200 mA 


Low- Level Output Voltage 
on POA, POB, POC, and POD 


vol 






2.0 


V 


Vdd 53 4 -5 to 6.0 V, Iql = 1 5 mA 






0.5 


V 


Iql = 600 MA 


High-Level Input Leakage 
Current on POA to POD 


'LIH1 






5 


MA 


v in = Vdd 


'LIH2 






10 


ma 


V| N =9V {•) 


Low- Level Input Leakage 
Current on POA to POD 


»LIL 






-5 


ma 


V IN = 0V 


High-Level Output Leakage 
Current on POA to POD 


'LOH1 






5 


ma 


vout = Vdd 


' LOH2 






10 




V0UT = 9V <*) 


Low-Level Output Leakage 
Current on POA to POD 


'lol 






-5 


ma 


v ut = ov 


Power Supply Current 


"DD1 




1.5 


4.5 


mA 


Operation 
mode 


Vdd = 5 V±10%, 
f C c = 8.0 MHz 




250 


750 


M A 


Vdd = 3v ±10%, 

fCC = 2.0 MHz 


'DD2 




1.0 


3.0 


mA 


HALT 
mode 


V DD = 5V±10%, 
f C C = 8 MHz 




200 


600 


MA 


Vdd = 3 v ±10%, 
fee = 2.o mhz 


'DD3 




0.1 


10 


ma 


STOP 
mode 


Vdd = 5 v ±10 % 




0.1 


5 


ma 


Vdd = 3 V±10% 



* When N-ch open-drain input/output is selected 
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CHARACTERISTICS OF DATA MEMORY FOR HOLDING DATA ON LOW SUPPLY VOLTAGE 
IN THE STOP MODE (T a - -40 to +85 °C) 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITIONS 


Data Hold Supply Voltage 


Vdddr 


2.0 




6.0 


V 




Data Hold Supply Current 


'dddr 




0.1 


5.0 


MA 


vdddr - 2.0 v 


Release Signal Set Time 


*SREL 









MS 




AC CHARACTERISTICS (T a = -40 to +85 °C, V D d = 2.7 to 6.0 V) 


CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITIONS 


Internal Clock Cycle Time 


Tcy 


1.9 




33 


MS 


V DD = 4.5 to 6.0 V 


7.6 




33 


MS 




High/Low Level Width on 
POBrjand POB-j 


T PBH 
TPBL 


10 






MS 




High/Low Level Width on 
RESET 


Trsh 
Trsl 


10 






MS 




DC PROGRAMING CHARACTERISTICS (T a = 25 °C, V D D - 6.0 ± 0.25 V, V PP = 12.5 ± 0.5 V) 


CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITIONS 


Input Voltage High 


V|H1 


0.7 V DD 




v D d 


V 


Except X|n 


V IH2 


V DD -0.5 




v D d 


V 


X IN 


Input Voltage Low 


V| L 1 







0.3 V DD 


V 


Except X | |nj 


V|L2 







0.4 


V 


X IN 


Input Leakage Current 


•LI 






10 


MA 


V|N = V| L or V| H 


Output Voltage High 


V H 


V DD -1.0 






V 


'OH = -1 mA 


Output Voltage Low 


vol 






0.4 


V 


Iql = 1-6 mA 


Vqd Power Supply Current 


Idd 






30 


mA 




Vpp Power Supply Current 


Ipp 






30 


mA 


MD0 = V| L , MD1 = V|h 



Notes 1. Vpp must be under +13.5 V including overshoot. 

2. Vqd must De applied before Vpp on and must be off after Vpp off. 
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AC CHARACTERISTICS (T a = 25 °C, Vqd = 6.0 ± 0.25 V, Vpp = 12.5 ± 0.5 V) 



CHARACTERISTICS 


SYMBOL 


CD 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


Address Set Up TimeC2) to 
MD0I 


*AS 


*AS 


2 






MS 




MD1 Setup Time to MDO 1 


*M1S 


tOES 


2 






MS 




Data Setup Time to MDCH 


<DS 


X DS 


2 






MS 




Address Hold TimeC2) to 
MDOt 


*AH 


*AH 


2 






MS 




Data Hold Time to MDOt 


*DH 


*DH 


2 






MS 




Data Output Float Delay Time 
from MDOt-* 


*DF 


tDF 







130 


ns 




Vpp Setup Time to MD3t 


*VPS 


tVPS 


2 






MS 




Vqq Setup Time to MD3t 


l VDS 


WCS 


2 






MS 




Initial Program Pulse Width 


t PW 


t PW 


0.95 


1.0 


1.05 


ms 




Additional Program Pulse Width 


l OPW 


*OPW 


0.95 




21.0 


ms 




MDO Setup Time to MD1 1 


tMOS 


l CES 


2 






MS 




Data Output Delay Time from 
MDOi-* 


tDV 


t DV 






1 


MS 


MDO = MD1 = V| L 


MD1 Hold Time to MDOt 


*M1H 


tOEH 


2 






MS 


*M1H + tM1R^50 ms 


MD1 Recovery Time to MD04 


*M1R 


*OR 


2 






MS 


Program Counter Reset Time 


*PCR 




10 






MS 




X|fsj Input High, Low Level 
Range 


tXH- 
tXL 










MS 




X|N Input Frequency 


*X 


— 






8 


MHz 




Initial Mode Set Time 


h 




2 






MS 




MD3 Setup Time to MD1 1 


*M3S 


- 


2 






MS 




MD3 Hold Time to MD1I 


tM3H 




2 






" s 




MD3 Setup Time to MDOi 


l M3SR 




2 






MS 


Read program memory 


Data Output Delay Time from 
Address(*2) 


*DAD 


*ACC 


2 






MS 


Read program memory 


Data Output Hold Time from 
Address(*2) 


*HAD 


tQH 







130 


ns 


Read program memory 


MD3 Hold Time to MDOt 


*M3HR 




2 






MS 


Read program memory 


Data Output Float Delay Time 
from MD3i->- 


*DFR 




2 






MS 


Read program memory 


Reset Setup Time 


tRES 




10 






MS 





*1 Symbols for corresponding /xPD27C256. 

*2 Internal address signal is incremented by one at the falling edge of the third Xjfyj input, and it is not connected to the pin. 
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WRITE PROGRAM MEMORY TIMING 



NEC 



v PP 



V D D 



Vpp 

VDD 
GND 
Vqd+1 

v D d 

GND 
X|N 



Do to D7 
MD 
MD-) 
MD2 
MD3 



J 



»ta Inputj fr- j[j? u a & t \" m ^ C Data '"P ut j ^" 

tnw tnw tnp • PDSl m I - 



4tl 



- ^Data input) -M- 



r 



READ PROGRAM MEMORY TIMING 



Vpp 



V D D 



Vpp 

VDD 
GND 
V DD +1 

VDD 
GND 

X|N 



Do to D7 
MD 

MD-i 
MD2 

MD 3 



t 



JWtAAAAAAAA— 

XL-J I— t D AD 

' 'tHAD-H h 

* Data output^ Data output ^ ^j" — 



"J 



r 



X 
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4-BIT SINGLE-CHIP MICROCONTROLLER 



The^PD17107 is a tiny microcontroller consisting of a 1K-byteROM, 16-word RAM, and 11 input/output ports. 
The 17K architecture of the CPU uses general registers so that data memory can be manipulated directly for 
effective programming. Every instruction is 1 word long, consisting of 16 bits. 

FEATURES 

• Program memory (ROM): 1 K bytes (5 1 2 words x 1 6 bits) 

• Data memory (RAM): 16 words x 4 bits 

• Input/output ports: 1 1 ports (including three N-ch open-drain outputs) 

• Instruction execution time: 128 /*s (for 62.5 kHz) to 8 /is (for 1 MHz) 

• Number of instructions: 24 (Each instruction is 1 word long.) 

• Stack level: 1 

• A standby function is supported (with the STOP and HALT instructions). 

• Data memory can retain data on low voltage (2.0 V at minimum). 

• An oscillator is included for the system clock (only resistor for external circuit). 

• Operating supply voltage: 2.5 to 6.0 V (at 250 kHz) 

4.5 to 6.0 V (at 1 MHz) 

APPLICATIONS 

• Controlling electric appliances or toys 

ORDERING INFORMATION 

Ordering Code Package 

/iPD17107CX-xxx 16-pin plastic DIP (300 mil) 

juPD 171 07GS-xxx 16-pin plastic SOP (300 mil) 
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PIN C0NRGURAT10NS (Top View) 

^PD17107CX//iPD17107GS 



OSCt o—fT 




T&| GND 


OSC o— fT 




Tij-^o P0B2 


RESET Q-*fT 




"l4|*-*o POBi/RLSstOP 


POD o— £T 




TS]— >o POBq/RLShaLT 


POD-| o^*f*5" 




Tzj^o POC3 


POD2 P—flT 




TTf-^o P0C 2 


POD3 o*-»{T 




To}-*o POC-i 


Vqd ° — QT 




T]— POC 




16-pin plastic DIP 





1 6-pin plastic SOP 



BLOCK DIAGRAM 



N-ch open drain 



POBq/RLShaLT < 
POB^RLSsTOP * 
PO82 < 

POCq < 

POC) < 

POC 2 < 

POC3 < 

POD 
POD, 
P0D 2 
POD3 



p 

s 

to 



v D d 

GND 



System Clock 
Generator 



1 — r 

CPUCLK CLKSTOP 



RAM 

16x4 bits 



ROM 
512 x 16 bits 



Instruc- 



a 



3Z 

iram Coun 



Stack 1 x 9 bits! 



-o OSCrj 
-o OSCv 
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PIN FUNCTIONS 
• Port pins 



Pin name 


I/O 


Function 


Reset 


POBa/RLShalt 


I/O 


FoV releasing the HALT mode 




• Open-drain: 
High impedance 
(input mode) 

• With pull-up 
resistor provided: 

High level 
(input mode) 


POBi/RLSstop 


For releasing the STOP mode 


POB2 


• N-ch open-drain 4-bit I/O port (port OB) 

• A pull-up resistor can be provided bit by bit 
(mask-selected). 

• 9 V in open-drain mode 


POBa 


POCoto POC3 


I/O 


CMOS (push-pull) 4-bit I/O port (port OC) 


High impedance 
(input mode) 


PODoto POD3 


I/O 


CMOS (push-pull) 4-bit I/O (port OD) 


High impedance 
(input mode) 



• Non-port pins 



Pin name 


I/O 


Function 


Reset 


RESET 


Input 


• System reset input pin 

• A built-in pull-up resistor can be provided bit 
by bit (mask-selected). 




Vdo 




• Positive power supply pin 




GND 




• GND pin 




OSCo. OSCi 




• Pins to be connected to the system clock 
resonator 





I/O: Input/output 
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PIN INPUT/OUTPUT CIRCUITS 

Following are schematics of the input/output circuits of the pins of the /*PD17107. 

(1) POC, and POD 

Vqd 



output 
disable 



;=fcHe!* 



VDD 



-O IN/OUT 



(2) POBoandPOBi 



output 
disable 



V D D 



Pull-up resistor 
(mask-selected) 



3H 



V D D 




JT 



-O IN/OUT 
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(3) POB2 



output 
disable 



Pull-up resistor 
(mask-selected) 



-O IN/OUT 



(4) RESET 



V D D 



v D d 



Pull-up resistor 
(mask-selected) 



IN O 




jr. 
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1. PROGRAM COUNTER (PC) 

1.1 FORMAT OF THE PROGRAM COUNTER (PC) 

The program counter is a 9-bit binary counter formatted as shown in Fig. 1-1. 

Fig. 1-1 Format of the Program Counter 



pc 8 


PC 7 


pc 6 


PC 5 


PC4 


pc 3 


PC 2 


PC! 


PC 



9 bits 

1.2 FUNCTIONS OF THE PROGRAM COUNTER (PC) 

The program counter specifies the address of a program memory (ROM) or a program. 

Usually, every time an instruction is executed, the program counter is incremented by one. When a branch 
instruction (BR), a subroutine call instruction (CALL), or a return instruction (RET) is executed, the address 
specified in the operand is loaded in the PC. Then the instruction in the address is executed. When a skip instruction 
is executed, the address of the instruction next to the skip instruction is specified irrespective of the contents of 
the skip instruction. If the skip conditions are satisfied, the instruction next to the skip instruction is regarded as 
a No Operation (NOP) instruction. So, the NOP instruction is executed and the address of the next instruction is 
specified. 
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STACK 



Stack of the //PD17107 is a register in which the return address of a program is saved when a subroutine call 
instruction is executed. One level of address stack is provided. 

Fig. 2-1 shows the relationship between PC, stack, and instructions. 

Fig. 2-1 Relationship between PC, Stack, and Instructions 



PC 


PC8 


PC7 


PC6 


PC5 


PC4 


PC3 


PC2 


PC1 


PCO 






























Stack 


S8 


S7 


S6 


S5 


S4 


S3 


S2 


SI 


SO 






























CALL 


Operand 


AHO 


AM3 


AM2 


AM1 


AMO 


AL3 


AL2 


AL1 


ALO 









RET 
RETSK 



BR. CALL 



In Fig. 2-1, AHn, AMn, and ALn (n = to 3) indicate bit positions in a 16-bit instruction as follows: 

Fig. 2-2 Format of a 16-Bit Instruction 

MSB 



Instruction 


FH 


EH DH CH 


BH AH 


9H 


8H 


7H 


6H 


5H 


4H 


3H 


2H 


1H 


OH 






I 


■ T 


T 


T 


T 


T 


T 


T 


t 


T 


T 


T 






Operation code 


AH2 


AH1 


AHO 


AM3 


AM2 


AM1 


AMO 


AL3 


AL2 


AL1 


ALO 



Operand 

When the assembler (AS17K) is not used and a BR or CALL instruction is used, AH2 and AH 1 must be set 
to 0. 

Sn (n = to 8) denotes a stack. 



RESET signal input clears all bits of the program counter to 0. 
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3. 



PROGRAM MEMORY (ROM) 



Fig. 3-1 shows the configuration of program memory (ROM). 
The program memory consists of 512 words by 16 bits. 

The program memory is addressed in units of 16 bits and it ranges from addresses 000H to 01FFH. Each 
address is specified by the program counter (PC). 

Since an instruction consists of 16 bits (one word), the instruction is stored at one address of the program 
memory. 

Address 000H is assigned to a reset start address. 



Fig. 3-1 Program Memory Map 



16 bits 



000H 



51 2 words 



01FFH 
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4. DATA MEMORY (RAM) 

The data memory stores data of arithmetic/logic and control operations. Data can be always written to or read 
from it by means of instructions. 

4.1 FORMAT OF THE DATA MEMORY (RAM) 

Fig. 4-1 shows the format of the data memory (RAM). 

The data memory is configured in units of four bits, or "one nibble," and an address is assigned to each four 
bits of data. The three high-order bits are called the "row address," and the four low-order bits are called the 
"column address." 

According to its functions, the data memory is divided into three blocks as shown below: general-purpose data 
memory, port register, and system register. 

Fig. 4-1 Data Memory Map 



Column address -» 
01 23456789AB 

General-purpose data memory (general register) 



Row 
address 



^ 7 Port register 



System register 



4.1.1 Functions of the general-purpose data memory 

The general-purpose data memory is a part of the data memory from which the system register (SYSREG) and 
port register are excluded. By executing a data memory manipulation instruction, a four-bit arithmetic operation 
and comparison, evaluation, and transfer between data on data memory and any immediate data can be executed 
with a single operation. 

4.1 .2 Functions of the general register 

The general register indicates any identical row address (16 nibbles) in the data memory specified in the 
register pointer (RP) in the system register. Since the ^PD17107 register pointer is always set to 0, the general- 
purpose data memory is also used as a general register. The general register can operate or transfer data to and 
from the data memory. 

4.1.3 Functions of the port register 

The port register is used to set output data or to read the input data of input/output ports. 

Once data are written to the port register corresponding to a port, the port is set as an output port and continues 
to output the value unless the value is rewritten. Whenever a read instruction is executed for a port register, the 
read data indicate the states of the pins, not the value of the port register, regardless of whether the pins are in 
the input or output mode. 

4.1 .4 Functions of the system register 

The system register controls the CPU. The program status word (PS W) is the only system register existing in 
the ^PD17107. 
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Fig. 4-2 System Register Map 



Address 


74H 


75H 


76H 


77H 


78H 


79H 


7AH 


7BH 


7CH 


7DH 


7EH 


7FH 


Data 













































Addresses 74H to 7DH are always set to 0. 





7EH 


7FH 










PSW 










B 
C 
D 


C 
M 
P 


C 
Y 


Z 



























T T T T T 

O CO CM r- O 

ffl S 5 ia 5 



Bit at address 7EH and the high-order three bits at address 7FH are assigned to the program status word. 
The BCD flag is mapped in bit at address 7EH, the CMP flag is mapped in bit 3 at address 7FH, the carry (CY) 
flag is mapped in bit 2 at address 7FH, and the zero (Z) flag is mapped in bit 1 at address 7FH. 
The high-order three bits at address 7EH and bit at address 7FH are always set to 0. 
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Rg. 4-3 Format of the Program Status Word 



Address 7EH 
BITO BIT3 



Address 7FH 



BITO 



Zero 
flag 
(Z) 



Carry 

flag 

(CY) 



Compare 

flag 

(CMP) 



BCD 
flag 
(BCD) 



Set to when: 

• An arithmetic operation generates 
a result of zero if CMP ■ 0. 

• An arithmetic operation generates 
a result of zero and Z = 1 if 

CMP = 1. When the Z flag is 
already 0, it remains unchanged. 
Reset to 1 when: 

• An arithmetic operation generates 
a result other than zero. 



Set to when: 

• An addition produces a carry or a 
subtraction produces a borrow. 
The LSB of the operand in the RORC 
instruction is 1. 

Reset to 1 when: 

• Neither a carry nor borrow is 
produced. 

• The LSB of the operand in the RORC 
instruction isO. 



If this flag is set, the result of an 
arithmetic operation is not stored in 
memory or general registers. The 
flag is automatically reset by 
executing the SKT or SKF instruction. 



If this flag is set, arithmetic 
operations are performed in decimal, 
and if this flag is reset, arithmetic 
operations are performed in binary. 



Comparison instructions (SKE, SKNE, SKGE, or SKLT) do not change the state of the CYflag, but an arithmetic 
operation may affect the CY flag according to the result even if the CMP flag is set. 

Each bit of the program status word is initialized to when a reset signal is applied. 

The Z flag in the program status word changes according to the set value of the CMP flag as listed in 
Table 4-1. 
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Table 4-1 Change in Z Flag 



Condition 


Zflag value 


CMP = 


CMP = 1 


Reset 







Memory manipulation sets the Z flag to 0. 








Memory manipulation sets the Z flag to 1. 


1 


1 


Arithmetic operation results in a non-zero value. 








Arithmetic operation results in 0. 


1 


Zn-1 



Zn-1: The Z flag value present immediately before arithmetic operation 

While CMP is 1. if an arithmetic operation results in OH when the value of the Z flag is 1, the Z flag does not 
change. If an arithmetic operation results in other than OH, the Z flag is reset to and remains intact even when 
a second arithmetic operation results in OH. 

After the CMP and Z flags are set to 1, subtraction and comparison are performed several times. Then, if the 
Zflag still indicates 1, all of the comparison operations showed a match, resulting in 0. If the Zflag is after the 
comparison operations, a mismatch occurred in at least one comparison operation. 
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5. ARITHMETIC AND LOGIC UNIT (ALU) 

The arithmetic and logic unit (ALU) performs arithmetic operations, logical operations, bit tests, comparisons, 
and rotations on 4-bit data. 

5.1 ARITHMETIC OPERATIONS 

Arithmetic operations are performed on binary or decimal data. If the BCD flag in the program status word is 
1, the ALU operates on decimal data, and if the flag is 0, it operates on binary data. 

If an addition produces a carry or if a subtraction produces a borrow, the carry (CY) flag is set to 1. If neither 
a carry nor borrow is produced, the flag is reset to 0. 

If an arithmetic operation results in zero, the zero (Z) flag is set to 1. Otherwise, the flag is reset to 0. 

(1) Binary operation 

If the result of a binary arithmetic operation is greater than 15 (111 IB), a carry is made. If it is less than 
zero, a borrow is made. In either case, the CY flag is set to 1. 

(2) Decimal operation 

If the result of a decimal arithmetic operation is greater than 9 (1001B), a carry is made. If it is less than 0, 
a borrow is made. In either case, the CY flag is set to 1. 

Decimal operations are allowed if one of the following results is generated. If the result of a decimal operation 
does not fall into these ranges, the CYflag is set to 1, and a result greater than or equal to 10 (101 0B) is produced. 

1. Addition must generate a result from to 19. 

2. Subtraction must generate a result from to 9 or -10 to -1. 

SJ2 LOGICAL OPERATIONS 

Logical operations include ANDing, ORing, and XORing. 

5.3 OTHER OPERATIONS 

The ALU enables bit testing, comparison, and data rotation. 
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6. PORTS 

6.1 PORT OB (POBo/RLShalt, POBi/RLSstop, POB2) 

Port OB is a three-bit input/output port. Only N-ch open-drain outputs appear on the pins of port OB. The N-ch 
open-drain output mode allows application of 9 V, so it can be used for interfacing with a circuit operating on a 
different power supply voltage. 

Input and output are set in units of nibbles. The input mode is set at reset, and the output mode is set by writing 
data to the port register in address 71 H of the data memory. The output mode is maintained until the system is 
reset. 

Output to the port is executed via the port register. Once data are written to the port register, all pins of port 
POB are placed in the output mode to continue to output written data. The data are retained unless new data are 
written to the register. 

Whenever the port register is read, the read data indicate the states of the pins, not the contents of the port 
register, regardless of whether the pins are in the input or output mode. In this case, the contents of the port 
register remain unchanged. 

The port registerfor port Bconsists of four bits but its highest bit is always set to 0. This means that if an attempt 
ismade to write data tothe highest bit of 7'1H, the data isinvalidated and if an attempt is madeto read it, is always 
returned. 

When the ^PD17107 is in the HALT or STOP mode, POBo and POBi function as pseudo interrupt pinsto release 
the HALT and STOP modes. (Refer to Section 8). 

6.2 PORT 0C (POBo to POCa) 

Port 0C is a four-bit input/output port. CMOS (push-pull) outputs appear on those pins. 

Input and output are set in units of nibbles. The input mode is set at reset, and the output mode is set by writing 
data to the port register in address 72H of the data memory. The output mode is maintained until the system is 
reset. 

Output to the port is executed via the port register. Once data are written to the port register, all pins of the port 
POC are placed in the output mode to continue to output written data. The data are retained unless new data are 
written to the register. 

Whenever the port register is read, the read data indicate the states of the pins, not the contents of the port 
register, regardless of whether the pins are in the input or output mode. In this case, the contents of the port 
register remain unchanged. 

6.3 PORT OD (PODo to PODa) 

Port OD is a four-bit input/output port. CMOS (push-pull) outputs appear on these pins. 

Input and output are set in units of nibbles. The input mode is set at reset, and the output mode is set by writing 
data to the port register in address 73H of the data memory. The output mode is maintained until the system is 
reset. 

Output to the port is executed via the port register. Once data are written to the port register, all pins of the port 
POD are placed in the output mode to continue to output written data. The data are retained until new data are 
written to the register. 

Whenever the port register is read, the read data indicate the states of the pins, not the contents of the port 
register, regardless of whether the pins are in the input or output mode, in this case, the contents of the port 
register remain unchanged. 
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Fig. 6-1 Port Register Map 
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6.4 RECOMMENDED CONDITIONS FOR UNUSED /d>D17107 PINS 

To prevent malfunction, process unused input/output pins as shown below. 

Table 6-1 Recommended Conditions for Unused Pins 



Input/ 

output mode 


Port 


Recommended connection 


Input mode 


Ports B, C, and D 


Connect to Voo or GND. 


Output mode 


CMOS ports (ports C and D) 


Open 


N-ch open-drain port 
(port B) 
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7. STANDBY FUNCTIONS 

The/iPD17107 provides two standby modes, the HALT mode and the STOP mode. 

7.1 HALT MODE 

The HALT mode stops the program counter (PC) while allowing the system clock to continue operating. The 
HALT mode can be entered with the HALT instruction, and can be released by a reset signal (RESET) or input to 
the POBo pin. When the HALT mode is released by input to the POBo pin, the next instruction after the HALT 
instruction is executed without waiting for stable oscillation of the system clock. 

When the HALT mode is released forcibly by the reset signal (RESET), normal system reset occurs, and 
execution starts at address OH. 

7.2 STOP MODE 

The STOP mode stops oscillation of the system clock so that data can be retained at low voltage. The STOP 
mode can be entered with the STOP instruction, and can be released by a reset signal (RESET) or input to the POBi 
pin. When the mode is released by input to the POBi pin, execution starts with the next instruction afterthe STOP 
instruction. 

When the STOP mode is released forcibly by the reset signal (RESET), normal system reset occurs, and 
execution starts at address OH. 

7.3 SETTING AND RELEASING THE STANDBY MODES 

(1) Setting and releasing the HALT mode 

The conditions for releasing the HALT mode can be selected with the least significant bit of the operand 
in the HALT instruction. The high-order three bits of the operand must be set to 0. 

Table 7-1 Setting and Releasing Conditions Specified in the HALT Instruction 



HALT 000XB <- 4-bit data in the operand 



X 


Conditions for setting/releasing the HALT mode 





Executing the HALT instruction enters the HALT mode unconditionally. 
The mode can be released only by the reset signal (RESET). After the 
mode is released, instructions are executed starting at address OH. 


1 


If POBO is 0, executing the HALT instruction enters the HALT mode. 

If POBO is 1, executing the HALT instruction does not enter the HALT mode. 

Application of the reset signal (RESET) releases the HALT mode. After the mode is released, 

instructions are executed starting at address OH. The rising edge of an input signal on the POBo 

pin also releases the HALT mode. In this case, execution starts with the next instruction after 

the HALT instruction. 



(2) Setting and releasing the STOP mode 

Conditions to release the STOP mode can be selected with the least significant bit of the operand in the 
STOP instruction. The high-order three bits of the operand must be set to 0. 



2-336 



NEC 



RPD17107 



Table 7-2 Setting/Releasing Conditions Specified in the STOP instruction 



STOP 0002&B <- 4-bit data in the operand 



X 


Conditions for setting/releasing the STOP mode 





Executing the STOP instruction enters the STOP mode unconditionally. 
All peripheral circuits are placed in the same initial state as when 
the system is reset, then they stop operating. 
Only the reset signal (RESET) can release the STOP mode. After the 
mode is released, instructions are executed starting at address OH. 


1 


If P0B1 is 0, executing the STOP instruction enters the STOP mode. 

If P0B1 is 1, executing the STOP instruction does not enter the STOP mode. 

Application of the reset signal (RESET) can release the STOP mode. 

After the mode is released, instructions are executed starting at address OH. 

The rising edge of the signal applied to the POBi pin can also release the mode. In this case, 

execution starts with the next instruction after the STOP instruction. 



7.4 TIMING FOR RELEASING THE STANDBY MODES 



Fig. 7-1 Releasing the HALT Mode by RESET Input 

HALT 
instruction 



RESET 



Operation 1 
mode | 


HALT mode 




Operation mode 







Oscillation 

Clock i : — 



When the RESET signal is applied to release the H ALT mode, the RESET input makes a transition from low to 
high, then an operation mode is entered. 



* The HALT mode remains effective in this period, waiting for the operation mode. 
At least eight clock pulses on the OSCi pin cause operation to start. 



Fig. 7-2 Releasing the HALT Mode by Interrupt 
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Fig. 7-3 Releasing the STOP Mode by RESET input 
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As soon as the RESET input makes a transition from high to low in the STOP mode, the system clock starts 
generating dock pulses. 



* The HALT mode remains effective in this period, waiting for the generation of clock pulses to stabilize. 
At least eight clock pulses on the OSO pin cause operation to start. 

Fig. 7-4 Releasing the STOP Mode by Interrupt 
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* The HALT mode remains effective in this period, waiting for the generation of clock pulses to stabilize. 
At least eight clock pulses on the OSCi pin cause operation to start. 



2-338 



NEC 



^PD17107 



8. RESET FUNCTION 

8.1 HARDWARE STATE AT RESET 

A low-active reset signal applied to the RESET pin sets the hardware states as listed below. A transition from 
low to high on the RESET pin releases the reset state. 



2 



Table 8-1 Hardware after Reset 



Name 


Location in memory space 


Set value 


Program counter 




000H 


RAM 


OHtoOFH 


Data present before 
reset is retained. 


Program status 
word (PSW) 


Bit at 7EH 
Bits 3 to 1 at 7FH 


AilOs 


Ports OB to OD 


71Hto73H 


Data present before 
reset is retained. 
All pins are placed 
in the input mode. 
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9. ASSEMBLER RESERVED WORDS 

9.1 MASK OPTION PSEUDO INSTRUCTIONS 

Source programs in the assembly language for the jiPD17107 must include mask option pseudo instructions 
to select pin options. 

To do this, be sure to catalog the D17107. OPT file in AS17107 (device file for /iPD17107) into the current 
directory beforehand. 

Options must be mask-selected for the following pins: 

• POBo 

• POBi 

• POB2 

• RESET 

9.1.1 OPTION and ENDOP pseudo instructions 

The part starting with the OPTION pseudo instruction and ending with the ENDOP pseudo instruction is 
referred to as a mask option definition block. The coding format of the mask option definition block is shown on 
the next page. 

Within this block, the mask option definition pseudo instructions listed in Table 9-1 can be coded. 
Format 

Symbol Mnemonic Operand Comment 

{label:! OPTION [.comment! 



ENDOP 

9.1.2 Mask option definition pseudo instructions 

Table 9-1 lists the mask option definition pseudo instructions corresponding to each pin. 



Table 9-1 Mask Option Definition Pseudo Instructions 



Pin 


Mask option 
pseudo instruction 


Number of 
operands 


Operand name 


POB2toPOBo 


OPTPOB 


3 


POBPLUP (with pull- 
up resistor) 
OPEN (without pull- 
up resistor) 


RESET 


OPTRES 


1 


RESPLUP (with pull- 
up resistor) 
OPEN (without pull- 
up resistor) 
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The coding format of OPTPOB is shown below. The operands POB2, POBi, and POBo are dafined in this order. 
Format 

Symbol Mnemonic Operand Comment 

[label:] OPTPOB (POB2), (POBi). (POBo) [-comment] 



2 



The coding format of OPTRES is shown below. 
Format 

Symbol Mnemonic Operand Comment 

[label:] OPTRES (RESET) [;comment] 

Example: 

To set the following mask options in a /*PD17107 source file to be assembled: 
POB2: Pull-up POBi : Open POBo : Open 
RESET : Pull-up 



; 17107 






Setting mask options: 


OPTION 






OPTPOB 


POBPLUP, OPEN, OPEN 




OPTRES 


RESPLUP 




ENDOP 
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9.2 RESERVED WORDS 

Table 9-2 lists the reserved words defined in the^PD17107 device file (AS 17107). 

Table 9-2 Reserved Words 



Name 


Attribute 


Value 


Read/write 


Description 


POBO 


FLG 


0.71 H.O 


Read/write 


Bit Oof port OB 


P0B1 


FLG 


0.71 H.I 


Read/write 


Bit 1 of port OB 


P0B2 


FLG 


0.71H.2 


Read/write 


Bit 2 of port OB 


•P0B3 


FLG 


0.71H.3 


Read 


Set to 0. 


P0C0 


FLG 


0.72H.0 


Read/write 


Bit of port 0C 


P0C1 


FLG 


0.72H.1 


Read/write 


Bit 1 of port 0C 


P0C2 


FLG 


0.72H.2 


Read/write 


Bit 2 of port 0C 


P0C3 


FLG 


0.72H.3 


Read/write 


Bit 3 of port 0C 


P0D0 


FLG 


0.73H.0 


Read/write 


Bit of port 0D 


P0D1 


FLG 


0.73H.1 


Read/write 


Bit 1 of port 0D 


P0D2 


FLG 


0.73H.2 


Read/write 


Bit 2 of port 0D 


P0D3 


FLG 


0.73H.3 


Read/write 


Bit 3 of port 0D 


BCD 


FLG 


0.7EH.0 


Read/write 


BCD arithmetic flag 


PSW 


MEM 


0.7FH 


Read/write 


Program status word 


Z 


FLG 


0.7FH.1 


Read/write 


Zero flag 


CY 


FLG 


0.7FH.2 


Read/write 


Carry flag 


CMP 


FLG 


0.7FH.3 


Read/write 


Compare flag 



• Although P0B3 does not exist in the /JPD17107, it is defined as a read-only flag so that it is treated as a dummy bit when 
a built-in macro is used. 
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10. INSTRUCTION SET 
10.1 INSTRUCTION SET UST 



bi4~b u 





1 


BIN 


HEX 








ADD r, m 


ADD m, #i 


1 


1 


SUB r, m 


SUB m, #i 


10 


2 


ADDC r, m 


ADDC m, #i 


11 


3 


SUBC r, m 


SUBC m, #i 


10 


4 


AND r, m 


AND m, #i 


10 1 


5 


XOR r, m 


XOR m, #i 


110 


6 


OR r, m 


OR m. #i 


111 


7 


RET 
RETSK 

RORC r 
STOP s 
HALT h 
NOP 




10 


8 


LD r, m 


ST m, r 


10 1 


9 


SKE m, #i 


SKGE m, #i 


10 10 


A 






10 11 


B 


SKNE m, #i 


SKLT m, #i 


110 


C 


BR addr 


CALL addr 


110 1 


D 




MOV m, #i 


1110 


E 




SKT m, #n 


1111 


F 




SKF m, #n 
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102 INSTRUCTIONS 
Legend: 



M : One of data memory n : Bit position ' 4 bits 

m : Data memory address specified by [m H , mj of each bank addr : One of program memory address : 11 bits 

m„ : Data memory address high (row address) ; 3 bits a H : Program memory address high ; 3 bits 

m L : Data memory address low (column address) : 4 bits a M : Program memory address middle : 4 bits 

R : One of general register specified by [(RP). r] a L : Program memory address low : 4 bits 

r : General register address low (column address) : 4 bics CY : Carry flag 

RP : General register pointer CMP : Compare flag 

PC : Program counter s : Stop release condition 

SP : Stack pointer h : Halt release condition 

STACK : Stack specified by (SP) [ ] : Address of M.R 

i : Immediate data ; 4 bits ( ) : Contents of M,R 





Mnemonic 


Operand 


Function 




Machine code 




Op 
code 


3bits 


4bits 


4bits 




ADD 


r,m 


Add memory to register 


R- <R) + (M) 


00000 


m H 


m L 


r 




m, #i 


Add immediate data to memory 


M- (M) + i 


10000 


m„ 


m L 


i 


< 


ADDC 


r,m 


Add memory to register with carry 


R- (R) + (M) + (CY) 


00010 


m H 


m L 


r 




m, #i 


Add immediate data to memory with carry 


R- (M) + i+ (CY) 


10010 


m H 


m L 






SUB 


r.m 


Subtract memory from register 


R«- (R) - (M) 


00001 


m H 


m L 


r 


Subtract 


m, #i 


Subtract immediate data from memory 


M- (M) - i 


10001 


m H 


m L 


i 


SUBC 


r.m 


Subtract memory from register with borrow 


R- (R) - (M) - (CY) 


00011 


m H 


m L 


r 




m, #i 


Subtract immediate data from memory with borrow 


M- (M) - i - (CY) 


10011 


m H 


m L . 






SKE 


m, #i 


Skip if memory equal to immediate data 


M-i, skip if zero 


01001 


m H 


m L 




a 


SKGE 


m, #i 


Skip if memory greater than or equal to immediate data 


M — i, skip if not borrow 


11001 


m H 


mL 




Core 


SKLT 


m, #i 


Skip if memory less than immediate data 


M-i. skip if borrow 


11011 


m H 


mL 






SKNE 


m, #i 


Skip if memory not equal to immediate data 


M-i. skip if not zero 


01011 


m H 


m L 






AND 


m, #i 


Logical AND of memory and immediate data 


M- (M) AND i 


10100 


m H 


m L 




J 


r.m 


Logical AND of register and memory 


R- (R) AND (M) 


00100 


m H 


m L 


r 




OR 


m. #i 


Logical OR of memory and immediate data 


M— (M) OR i 


10110 


m H 


m L 




Logical ( 


r.m 


Logical OR of register and memory- 


R— (R) OR (M) 


00110 


m H 


m L 


r 


XOR 


m. #i 


Logical XOR of memory and immediate data 


M- (M) XOR i 


10101 


m H 


m L 






r.m 


Logical XOR of register and memory 


R- <R) XOR (M) 


00101 


m H 


m L 






LD 


r.m 


Load memory of register 


R- (M) 


01000 


m H 


m L 


r 


ransf 


ST 


m, r 


Store register to memory 


(M)-R 


1 1000 


m H 


m L 


r 


H 


MOV 


m, #i 


Move immediate data to memory 


M-i 


11101 


m H 


m L 


i 




SKT 


m. #n 


Test memory bits. 

then skip if all bits specified are true 


CMP-0 

skip if M„ = all * 1" 


11110 


m H 


m L 






SKF 


m. #n 


Test memory bits. 

then skip if all bits specified are false 


CMP-0 

skip if M„ = all "0" 


11111 


m H 


m L 





2-344 



NEC 



UPD17107 



1 


Mnemonic 


Operand 


Function 


Operation 


Machine code 


Op 

code 


3bits 


4bits 


4bits 


Branch | 


BR 


addr 


Jump to the address 


PC-ADDR 


01100 


a H 


a* 




Shift | 


RORC 


r 


Rotate register right with carry 


<CY)-(R)-CY 


00111 


000 


0111 


r 


[ Subroutine | 


CALL 


addr 


Call subroutine 


SP«-(SP)-1 
STACKS ( (PC) + 1), 
PC-ADDR 


11100 


a H 


a M 




RET 




Return to main routine from subroutine 


PO(STACK).SP-(SP)+l 


00111 


000 


1110 


0000 


RETSK 




Return to main routine from subroutine, then skip 
unconditionary 


PC- (STACK). SP-(SP) + 1 
and skip 


00111 


001 


1110 


0000 


j Miscellaneous | 


STOP 


s 


Stop clock 


STOP 


00111 


010 


1111 


s 


HALT 


h 


Halt the CPU, restart by condition h 


HALT 


00111 


011 


1111 


h 


NOP 




No operation 


No Operation 


00111 


100 


mi 


0000 
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11. ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS (Ta = 25 °C) 



Supply Voltage 


Vdo 




-0.3 to +7.0 


V 






POC, POD, 


-0.3 to Voo+0.3 


V 


Input Voltage 


Vi 


POB 

C2) 


-0.3 to Voo+0.3 
-0.3 to +11 


V 
V 






POC, POD, RESET 


-0.3 to Vdd+0.3 


V 


Output Voltage 


Vo 


<*1) 

POB 

C2) 


-0.3 to Voo+0.3 
-0.3 to +11 


V 
V 


High-Level 
Output Current 


IOH 


Each of POB, POC, POD 
Total of all pins 


-5 
-15 


mA 
mA 


Low-Level 
Output Current 


lOL 


Each of POB, POC, POD 
Total of all pins 


30 
100 


mA 
mA 


Operating 
Temperature 


Topt 




-40 to +85 


°C 


Storage 
Temperature 


Tstg 




-65 to +150 


°C 


Power 

Consumption 


Pd 


16-pin DIP 
Ta = 85°C 16-pin SOP 


400 
250 


mW 



* 1 N-ch open-drain input/output and input/output with a pull-up resistor provided 

* 2 N-ch open-drain input/output 

CAPACITANCE (T.= 25 °C, Vdo = 0V) 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


Input capacitance 


ClN 






15 


PF 


f = 1 MHz 

V for pins other than 
pins to be measured 


Input/output 
capacitance 


Go 






15 


PF 
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DC CHARACTERISTICS (T. = -40 to +8S °C„ Vdd = 2.5 to 6.0 V) 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYPE 


MAX. 


UNIT 


CONDITION 


High-Level 
Input Voltage 


Vim 


0.7 Voo 




Vdd 


V 


Other than the following 
pins and port 


VlH2 


0.8 Vdd 




Vdd 


V 


POB and RESET 


VlH3 


0.8 Vdd 




9 


V 


POB •* 


VlH4 


Vdd - 0.5 




Vdo 


V 


OSCi 


1 nw-l pv/aI 

Input Voltage 


VlL1 







0.3 Vdd 


V 


Other than the following 
pins and port 


VlL2 







0.2 Vdd 


V 


POB and RESET 


VlL3 







0.5 


V 


OSCi 


High-Level 

on POC and POD 


VOH 


Vdd - 2.0 






V 


Vdo = 4.5 to 6.0 V, 
I oh = -2 mA 


Vdd- 1.0 






V 


I oh = -200 fjA 


Low-Level 
Output Voltage 
on POB, POC 
and POD 


Vol 






2.0 


V 


Vdd =4.5 to 6.0 V, 

Ism — 1C m A 

IOL = 1 3 mA 






0.5 


V 


Iol = 600 fjA 


High-Level 
Input Leakage 
Current on POB 
to POD 








5 


pA 


Vin = Vdd 


IlIH2 






10 


/iA 


Vin = 9 V 

•3 


Low-Level Input 
Leakage Current 
on POB to POD 


IUL 






-5 


A* 


Vin = V 


High-Level 
Output Leakage 
Current on POB 
to POD 


Ilohi 






5 


AiA 


Vout = Vdd 


ILOH2 






10 


AiA 


Vout = 9 V 

•3 


Low-Level Output 
Leakage Current 
on POB to POD 


Ilol 






-5 


A* 


Vout = V 


Resistor Provided 
for Input Pin 




20 


47 


95 


kn 


RESET (pull-up) 


Resistor Provided 
for Input/Output Pin 




5 


15 


30 


kn 


POBo, POBi, and POB2 
(pull-up) 



* 3 When N-ch open-drain Input/output is selected 
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CHARACTERISTICS 


SYMBOL 




MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 




Idoi 


Opera- 
tion 
mode 




0.4 


1.2 


mA 


Vdd = 5V±10% 
fee =1.0 MHz ±20% 






50 


150 


AiA 


Vdd = 3 V ± 10 %, 
fee = 250 KHz ±20% 


Power Supply 
Current (m) 


l002 


HALT 
mode 




0.3 


0.9 


mA 


Vdd = 5 V ± 10 %, 
fee = 1.0 MHz ±20 % 










40 


120 


/iA 


Vdd = 3V± 10%, 
fee = 250 kHz ± 20 % 




IOD3 


STOP 




0.1 


10 


MA 


Vdd = 5 V± 10 % 






mode 




0.1 


5 


AiA 


Vdd = 3 V± 10% 



•4 This current excludes the current which flows through the built-in pull-up resistors. 



CHARACTERISTICS OF DATA MEMORY FOR HOLDING DATA ON LOW SUPPLY VOLTAGE IN THE 
STOP MODE (T. = -40 to +85 °C) 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


Data Hold Supply Voltage 


Vdodr 


2.0 




6.0 


V 




Data Hold Supply Current 


Iddor 




0.1 


5.0 


/iA 


Vdddr = 2.0 V 


Release Signal Set Time 


tsREL 









Ais 





AC CHARACTERISTICS (T. = -40 to +85 °C, Vdd = 2.5 to 6.0 V) 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


Internal Clock Cycle Time 


Tcy 


6.6 




160 


fJS 


Vdd = 4.5 to 6.0 V 


26.6 




160 


fJS 




High/Low Level Width on 
POBo and POBi 


Tpbh 
Tpbl 


10 






V s 




High/Low Level Width on 
RESET 


Tash 
Trsl 


10 






/IS 
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4-BIT SINGLE -CHIP MICROCONTROLLER 



The/iPD17108 isatiny microcontroller consistingof a 1K-byte ROM, 16-word RAM,and 16 input/output ports. 
The 17K architecture of the CPU uses general registers so that data memory can be manipulated directly for 
effective programming. Every instruction is 1 word long, consisting of 16 bits. 

FEATURES 

• Program memory (ROM): 1K bytes (512 words x 16 bits) 

• Data memory (RAM): 1 6 words x 4 bits 

• Input/output ports: 1 6 ports (including four N-ch open-drain outputs) 

• Instruction execution time: 128 p> (for 62.5 kHz) to 8 ps (for 1 MHz) 

• Number of instructions: 24 (Each instruction is 1 word long.) 

• Stack level: 1 

• A standby function is supported (with the STOP and HALT instructions). 

• Data memory can retain data on low voltage (2.0 V at minimum). 

• An oscillator is included for the system clock (only resistor for external circuit). 

• Operating supply voltage: 2.5 to 6.0 V (at 250 kHz) 

4.5 to 6.0 V (at 1 MHz) 

APPLICATIONS 

• Controlling electric appliances or toys 

ORDERING INFORMATION 

Order Code Package 

fuPD 171 08CS-xxx 22-pin plastic shrink DIP (300 mil) 

,uPD17108GS-xxx 24-pin plastic SOP (300 mil) 
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PIN CONFIGURATION (Top View) 

MPD17108CS 



MPD17108GS 



poa 3 o~[T 




22]— v DD 


P0A3 o«-*|~r 


O 


24*} — V DD 


nc — QT 




2TJ— »o POA2 


NC — [T 




23[*-*o P0A 2 


POC Q^fT 




2o[**o POA1 


POC o-»fT 




22|— *o POA1 


DAP - - - ■ * 

rUL^ 0«-»| 4 




19 1— ""Q POAo 


POCt p»-|T 




27|— POAo 


POC2 o**J^ 




T8]**o POD3 


POC2 o»-»| 5 




z0f^*O HJU3 


P0C3 o**jT 




T7|**o POD 2 


P0C3 o«->fT 




"l9|^*o P0D 2 


pob /rlshalt °*~[T 




TeJ-*o pod-| 


NC — [T 




IbJ — NC 


POBt/RLSstqp o**^T 




TiJ— POD 


POBq/RLShaLT °**|T 




TtJ»*o PODt 


P0B 2 o—Qf 




"?T[«-o RESET 


POBt/RLSstOP o**|^ 




7<3j**o PODq 


POB3 P—fTp 




T3}— »o OSCq 


POB2 o~ (To 




RESET 


GND — [77 




"12}—^ OSCt 


POB3 o*-*|TT 
GND — 




"lT[— *o OSCo 
T?}*— OSC1 


22-pin plastic shrink DIP 





24-pin plastic SOP 



BLOCK DIAGRAM 



System Clock 
Generator 



CMOS 




POAq 

POAt 0~—~ 
POA 2 O-*-* 
POA3 O-*-*- 


POA 


O 


N-ch open drain 


POBq/RLShaLT 0— - 
POBt/RLSstoP 0-*— 
P03 2 ck— * 
PC3 3 O— — 


POB 





CMOS 




PC C o^—m- 
POCt 0— 
POC2 0— *► 

POC3 0— * 


POC 


O 


CMOS 




POD 0— 
POD-) O—-*- 
P0D 2 O— 
POD3 o-* - 


POD 


O 



CPUCLK CLKSTOP 



v D d 

GND 



RAM 

16x4 bits 



ROM 

512 x 16 bits 



TT 

ram Coun 
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PIN FUNCTIONS 
• Port pins 



Pin name 


I/O 


Function 


Reset 


POAotoPOA3 


I/O 


♦ CMOS (push-pull) 4-bit I/O port (port OA) 


High impedance 
(input mode) 


POBVRLShalt 




For releasing the HALT mode 




• Open-drain: 
High impedance 
(input mode) 

• With pull-up 
resistor provided: 

High level 
(input mode) 


POBi/RLSstop 




For releasing the STOP mode 




POB2 


I/O 


• N-ch open-drain 4-bit I/O port (port OB) 

• A pull-up resistor can be provided bit by bit 
(mask-selected). 

• 9 V in open-drain mode 


POBa 




POCoto POCa 


I/O 


CMOS (push-pull) 4-bit I/O port (port OC) 


High impedance 
(input mode) 


PODoto POD3 


I/O 


CMOS (push-pull) 4-bit I/O port (port OD) 


High impedance 
(input mode) 



• Non-port pins 



Pin name 


I/O 


Function 


Reset 


RESET 


Input 


• System reset input pin 

• A built-in pull-up resistor can be provided 
(mask-selected). 




Vdo 




• Positive power supply pin 




GND 




• GND pin 




OSCo, OSCi 




• Pins to be connected to the system clock 
resonator 





I/O: Input/output 
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PIN INPUT/OUTPUT CIRCUITS 

Following are schematics of the input/output circuits of the pins of the //PD17108. 

(1) P0A,P0C,andP0D 

vdd 



P-ch 



output 
disable 



=eHE n 



v D d 



-O IN/OUT 



(2) PQBoandPOBi 



v DD 



output _ 
disable ~ 



Pull-up resistor 
(mask-selected) 



vdd 




-O IN/OUT 
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(3) P0B 2 and POB, 



(4) RESET 



output 
disable 



V D D 



Pull-up resistor 
(mask-selected) 



V D D 



-O IN/OUT 



V D D 

I 
I 



Pull-up resistor 
(mask-selected) 



IN O 




JT 
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1. PROGRAM COUNTER (PC) 

1.1 FORMAT OF THE PROGRAM COUNTER (PC) 

The program counter is a 9-bit binary counter formatted as shown in Fig. 1-1. 

Fig. 1-1 Format of the Program Counter 



pc 8 


PC 7 


pc 6 


PC 5 


PC4 


pc 3 


PC 2 


PCl 


PCo 



9 bits 



\2 FUNCTIONS OF THE PROGRAM COUNTER (PC) 

The program counter specifies the address of a program memory (ROM) or a program. 

Usually, every time an instruction is executed, the program counter is incremented by one. When a branch 
instruction (BR), a subroutine call instruction (CALL), or a return instruction (RET) is executed, the address 
specified in the operand is loaded in the PC. Then the instruction in the address is executed. When a ski p instruction 
is executed, the address of the instruction next to the skip instruction is specified irrespective of the contents of 
the skip instruction. If the skip conditions are satisfied, the instruction next to the skip instruction is regarded as 
a No Operation (NOP) instruction. So, the NOP instruction is executed and the address of the next instruction is 
specified. 



2-354 



SEC 



UPD17108 



2. STACK 



Stack of the /iPD17108 is a register in which the return address of a program is saved when a subroutine call 
instruction is executed. One level of address stack is provided. 

Fig. 2-1 shows the relationship between PC, stack, and instructions. 



Fig. 2-1 Relationship between PC, Stack, and Instructions 



Operand 



PC8 


PC7 


PC6 


PC5 


PC4 


PC3 


PC2 


PC1 


PCO 




S8 


S7 


S6 


S5 


S4 


S3 


S2 


S1 


SO 




A HO 


AM3 


AM2 


AM1 


AMO 


AL3 


AL2 


AL1 


ALO 



1 



RET 
RETSK 



In Fig. 2-1, AHn, AMn, and ALn (n = to 3) indicate bit positions in a 16-bit instruction as follows: 



Fig. 2-2 Format of a 16-Bit Instruction 



FH EH DH 



AH 9H 8H 



3H 2H 1H OH 



Operation code 



TTTTTTTf. TTT 

AH2 AH1 AHO AM3 AM2 AM1 AMO AL3 AL2 AL1 ALO 



Operand 



When the assembler (AS17K) is not used and a BR or CALL instruction is used, AH2 and AH 1 must be 
set to 0. 

Sn (n = to 8) denotes a stack. 

RESET signal input clears all bits of the program counter to 0. 
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3. PROGRAM MEMORY (ROM) 

Fig. 3-1 shows the configuration of program memory (ROM). 
The program memory consists of 512 words by 16 bits. 

The program memory is addressed in units of 1 6 bits and it ranges from addresses 000H to 1 FFH. Each address 
is specified by the program counter (PC). 

Since an instruction consists of 16 bits Cone word), the instruction is stored at one address of the program 
memory. 

Address 000H is assigned to a reset start address. 

Fig. 3-1 Program Memory Map 

16 bits - 

OOOH i 1 4 



51 2 words 



01 FFH 
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4. DATA MEMORY (RAM) 



The data memory stores data of arithmetic/logic and control operations. Data can be always written to or read 
from it by means of instructions. 

4.1 FORMAT OF THE DATA MEMORY (RAM) 

Fig. 4-1 shows the format of the data memory (RAM). 

The data memory is configured in units of 4 bits, or "1 nibble/ and an address is assigned to each 4-bits of 
data. The 3 high-order bits are called the "row address/ and the 4 low-order bits are called the "column address." 

According to its functions, the data memory is divided into 3 blocks as shown below: general-purpose data 
memory, port register, and system register. 



Fig. 4-1 Data Memory Map 



Column address -► 
6 7 8 9 



B 



General -purpose data memory (general register) 



Port register 



System register 



4.1.1 Functions of the general-purpose data memory 

The general-purpose data memory is a part of the data memory from which the system register (SYSREG) and 
port register are excluded. By executing a data memory manipulation instruction, a 4-bit arithmetic operation and 
comparison, evaluation, and transfer between data on data memory and any immediate data can be executed with 
a single operation. 

4.1 .2 Functions of the general register 

The general register indicates any identical row address (16 nibbles) in the data memory specified in the 
register pointer (RP) in the system register. Since the ^PD17108 register pointer is always set to 0, the general- 
purpose data memory is also used as a general register. The general register can operate or transfer data to and 
from the data memory. 

4.1 .3 Functions of the port register 

The port register is used to set output data or to read the input data of input/output ports. 

Once data is written to the port register corresponding to a port, the port is set as an output port and continues 
to output the value unless the value is rewritten. Whenever a read instruction is executed for a port register, the 
read data indicates the states of the pins, not the value of the port register, regardless of whether the pins are in 
the input or output mode. 

4.1 .4 Functions of the system register 

The system register controls the CPU. The program status word (PSW) is the only system register existing in 
the uPD17108. 
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Fig. 4-2 System Register Jvtap 



Address 


74H 


75H 


76H 


77H 


78H 


79H 


7AH 


7BH 


7CH 


7DH 


7EH 


7FH 


Data 













































Addresses 74H to 7DH are always set to 0. 





7EH 


7FH 










PSW 










B 
C 
D 


C 
M 
P 


C 
Y 


Z 



























T t t T T 

O CO CM t- O 
CO CO CO CO CO 



Bit at address TEH and the high-order three bits at address 7FH are assigned to the program status word. 
The BCD flag is mapped in bit at address 7EH, the CMP flag is mapped in bit 3 at address 7FH, the carry (CY) 
flag is mapped in bit 2 at address 7FH, and the zero (Z) flag is mapped in bit 1 at address 7FH. 
The high-order three bits at address 7EH and bit at address 7FH are always set to 0. 
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Fig. 4-3 Format of the Program Status Word 



Address 7EH Address 7FH 

BITO BIT3 BITO 



Zero 
flag 


Set to when: 

• An arithmetic operation generates a result of 
zero if CMP = 0. 

• An arithmetic operation generates a result of 
zero and Z = 1 if CMP = 1. When the Z flag is 
aiioauy u, it remains uncnangeQ. 

Reset to 1 when: 

• An arithmetic operation generates a result 
other than zero. 


Carry 

flag 

(CY) 


Set to when: 

• An addition produces a carry or a subtraction 
produces a borrow. 

• The LSB of the operand in the RORC 
instruction is 1. 

Reset to 1 when: 

• Neither a carry nor borrow is produced. 

• The LSB of the operand in the RORC 
instruction isO. 


Compare 

flag 

(CMP) 


If this flag is set, the result of an arithmetic 
operation is not stored in memory or general 
registers. The flag is automatically reset by 
executing the SKT or SKF instruction. 


BCD 
flag 
(BCD) 


If this flag is set, arithmetic operations are 
performed in decimal, and if this flag is reset, 
arithmetic operations are performed in binary. 



Comparison instructions (SKE, SKNE, SKGE, or SKLT) do not change the state of the CY flag, but an 
arithmetic operation may affect the CY flag according to the result even if the CMP flag is set. 

Each bit of the program status word is initialized to when a reset signal is applied. 

The Z flag in the program status word changes according to the set value of the CMP flag as listed in 
Table 4-1. 



2-359 



^PD17108 



NEC 



Table 4-1 Change in Z Rag 



Condition 


Z flag value 


CMP = 


CMP=1 


Reset 







Memory manipulation sets the Z flag to 0. 








Memory manipulation sets the Z flag to 1. 


1 


1 


Arithmetic operation results in a non-zero value. 








Arithmetic operation results in 0. 


1 


Zn-1 



Zn-1: The Z flag value presents Immediately before arithmetic operation 

While CMP is 1, if an arithmetic operation results in OH when the value of the Z flag is 1, the Z flag does not 
change. If an arithmetic operation results in other than OH, the Z flag is reset to and remains intact even when 
a second arithmetic operation results in OH. 

After the CMP and Z flags are set to 1, subtraction and comparison are performed several times. Then, if the 
Zflag still indicates 1, all of the comparison operations showed a match, resulting in 0. If the Z flag is after the 
comparison operations, a mismatch occurred in at least one comparison operation. 
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5. ARITHMETIC AND LOGIC UNIT (ALU) 

The arithmetic and logic unit (ALU) performs arithmetic operations, logical operations, bit tests, comparisons, 
and rotations on 4-bit data. 

5.1 ARITHMETIC OPERATIONS 

Arithmetic operations are performed on binary or decimal data. If the BCD flag in the program status word is 
1, the ALU operates on decimal data, and if the flag is 0, it operates on binary data. 

If an addition produces a carry or if a subtraction produces a borrow, the carry (CY) flag is set to 1. If neither 
a carry nor borrow is produced, the flag is reset to 0. 

If an arithmetic operation results in zero, the zero (Z) flag is set to 1. Otherwise, the flag is reset to 0. 

(1) Binary operation 

if the result of a binary arithmetic operation is greater than 15 (1 11 1B), a carry is made. If it is less than 
zero, a borrow is made. In either case, the CY flag is set to 1. 

(2) Decimal operation 

If the result of a decimal arithmetic operation is greater than 9 (1001B), a carry is made. If it is less than 0, 
a borrow is made. In either case, the CY flag is set to 1. 

Decimal operations are allowed if one of the following results is generated. If the result of a decimal 
operation does not fall into these ranges, the CY flag is set to 1, and a result greater than or equal to 10 
(1010B) is produced. 

1. Addition must generate a result from to 19. 

2. Subtraction must generate a result from to 9 or -10 to -1. 

5.2 LOGICAL OPERATIONS 

Logical operations include ANDing, ORing, and XORing. 

5.3 OTHER OPERATIONS 

The ALU enables bit testing, comparison, and data rotation. 
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6. PORTS 

6.1 PORTOA(POAotoPOAa) 

Port OA is a 4-bit input/output port. CMOS (push-pull) outputs appear on these pins. 

Input and output are set in units of nibbles. The input mode is set at reset, and the output mode is set by writing 
data to the port register in address 70H of the data memory. The output mode is maintained until the system is 
reset. 

Output to the port is executed via the port register. Once data is written to the port register, all pins of the port 
POA are placed in the output mode to continue to output written data. The data is retained unless new data is 
written to the register. 

Whenever the port register is read, the read data indicates the states of the pins, not the contents of the port 
register, regardless of whether the pins are in the input or output mode. In this case, the contents of the port 
register remain unchanged. 

6.2 PORTOB(POBo/RLShalt,POBi/RLSstop,POB2,POB3) 

Port OB is a 4-bit input/output port. Only N-ch open-drain outputs appear on the pins of port OB. The N-ch open- 
drain output mode allows application of 9 V, so it can be used for interfacing with a circuit operating on a different 
power supply voltage. 

Input and output are set in units of nibbles. The input mode is set at reset, and the output mode is set by writing 
data to the port register in address 71 H of the data memory. The output mode is maintained until the system is 
reset. 

Output to the port is executed via the port register. Once data is written to the port register, all pins of port POB 
are placed in the output mode to continue to output written data. The data are retained unless new data is written 
to the register. 

Whenever the port register is read, the read data indicates the states of the pins, not the contents of the port 
register, regardless of whether the pins are in the input or output mode. In this case, the contents of the port 
register remain unchanged. 

The port register for port Bconsists of four bits but its highest bit is always set to 0. This means that if an attempt 
is made to write data to the highest bit of 71 H, the data is invalidated and if an attempt is madeto read it, is always 
returned. 

When the/iPD17108 is in the HALT or STOP mode, POBo and POBi function as pseudo interrupt pins to release 
the HALT and STOP modes. (Refer to Section 8). 

6.3 PORT 0C (POCo to POCa) 

Port 0C is a 4-bit input/output port. CMOS (push-pull) outputs appear on these pins. 

Input and output are set in units of nibbles. The input mode is set at reset, and the output mode is set by writing 
data to the port register in address 72H of the data memory. The output mode is maintained until the system is 
reset. 

Output to the port is executed via the port register. Once data is written to the port register, all pins of the port 
POC are placed in the output mode to continue to output written data. The data is retained unless new data is 
written to the register. 

Whenever the port register is read, the read data indicates the states of the pins, not the contents of the port 
register, regardless of whether the pins are in the input or output mode. In this case, the contents of the port 
register remain unchanged. 
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6.4 PORT 00 (PODo to PODa) 

Port OD is a 4-bit input/output port. CMOS (push-pull) outputs appear on these pins. 

Input and output are set in units of nibbles. The input mode is set at reset, and the output mode is set by writing 
data to the port register in address 73H of the data memory. The output mode is maintained until the system is 
reset. 

Output to the port is executed via the port register, Once data is written to the port register, all pins of the port 
POD are placed in the output mode to continue to output written data. The data is retained until new data is written 
to the register. 

Whenever the port register is read, the read data indicates the states of the pins, not the contents of the port 
register, regardless of whether the pins are in the input or output mode. In this case, the contents of the port 
register remain unchanged. 



Fig. 6-1 Port Register Map 

Column address 








1 


2 


3 


4 


5 


6 


7 J 


3 9 
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B 


C 


D 


E 


F 


OX 
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Port register 


System register 
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71H 


72H 
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B 
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D 
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2 
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6.5 RECOMMENDED CONDITIONS FOR UNUSED ^PD17108 PINS 

To prevent malfunction, process unused input/output pins as shown below. 



Table 6-1 Recommended Conditions for Unused Pins 



Input/ 

output mode 


Port 


Recommended connection 


Input mode 


Ports A, B, C, and D 


Connect to Vdo or GND. 


Output mode 


CMOS ports (ports A, C, D) 


Open 


N-ch open-drain port 
(port B) 
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7. STANDBY FUNCTIONS 

The /iP01 7108 orovides two standby modes, the HALT mode and the STOP mode. 
7.1 HALT MODE 

The HALT mode stops the program counter (PC) while allowing the system clock to continue operating. The 
HALT mode can be entered with the HALT instruction, and can be released by a reset signal (RESET) or input to 
the POBo pin. When the HALT mode is released by input to the POBo pin, the next instruction after the HALT 
instruction it executed without waiting for stable oscillation of the system clock. 

When the HALT mode is released forcibly by the reset signal (RESET), normal system reset occurs, and 
execution starts at address OH. 

12. STOP MODE 

The STOP mode stops oscillation of the system clock so that data can be retained at low voltage. The STOP 
mode can be entered with the STOP instruction, and can be released by a reset signal (RESET) or input to the POBi 
pin. When the mode is released by input to the POBi pin, execution starts with the next instruction after the STOP 
instruction. 

When the STOP mode is released forcibly by the reset signal (RESET), normal system reset occurs, and 
execution starts at address OH. 

7.3 SETTING AND RELEASING THE STANDBY MODES 

(1) Setting and releasing the HALT mode 

The conditions for releasing the HALT mode can be selected with the least significant bit of the operand 
in the HALT instruction. The high-order three bits of the operand must be set to 0. 

Table 7-1 Setting and Releasing Conditions Specified in the HALT Instruction 

HALT 000£B «- 4-bit data in the operand 



X 


Conditions for setting/releasing the HALT mode 





Executing the HALT instruction enters the HALT mode unconditionally. 

The mode can be released only by the reset signal (RESET). After the mode is released, instructions 
are executed starting at address OH. 


1 


If POBO is 0, executing the HALT instruction enters the HALT mode. 

If POBO is 1, executing the HALT instruction does not enter the HALT mode. 

Application of the reset signal (RESET) releases the HALT mode. After the mode is released, 

instructions are executed starting at address OH. The rising edge of an input signal on the POBo pin 

also releases the HALT mode. In this case, execution starts with the next instruction after the HALT 

instruction. 



(2) Setting and releasing the STOP mode 

Conditions to release the STOP mode can be selected with the least significant bit of the operand in the 
STOP instruction. The high-order three bits of the operand must be set to 0. 
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Table 7-2 Setting/Releasing Conditions Specified in the STOP Instruction 

STOP 000XB <r- 4-bit data in the operand 



Conditions for setting/releasing the STOP mode 



Executing the STOP instruction enters the STOP mode unconditionally. 

All peripheral circuits are placed in the same initial state as when the system is reset, then they 

stop operating. 

Only the reset signal (RESET) can release the STOP mode. After the mode is released, instructions 
are executed starting at address OH. 



If P0B1 is 0, executing the STOP instruction enters the STOP mode. 

If P0B1 is 1, executing the STOP instruction does not enter the STOP mode. 

Application of the reset signal (RESET) can release the STOP mode. 

After the mode is released, instructions are executed starting at address OH. 

The rising edge of the signal applied to the POBi pin can also release the mode. In this case, 

execution starts with the next instruction after the STOP instruction. 



7.4 TIMING FOR RELEASING THE STANDBY MODES 



Fig. 7-1 Releasing the HALT Mode by RESET Input 



HALT 
instruction 



Operation 
mode 



Operation mode 



When the RESET signal is applied to release the HALT mode, the RESET input makes a transition from lowto 
high, then an operation mode is entered. 



* The HALT mode remains effective in this period, waiting for the operation mode. 
At least eight clock pulses on the OSCi pin cause operation to start. 

Fig. 7-2 Releasing the HALT Mode by Interrupt 



Standby -release 
signal (P0B ) 



HALT 
instruction 



Operation 
mode 



HALT mode 



Operation mode 
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Fig. 7-3 Releasing the STOP Mode by RESET Input 



STOP 
instruction 



Operation 








mode 


STOP mode 


HALT mode 


• | Operation mode 




Oscillation 






Oscillation 


stopped 




Oscillation 



As soon as the RESET input makes a transition from high to low in the STOP mode, the system clock starts 
generating clock pulses. 



* The HALT mode remains effective in this period, waiting for the generation of clock pulses to stabilize. 
At least eight clock pulses on the OSCi pin cause operation to start. 

Fig. 7-4 Releasing the STOP Mode by Interrupt 



Standby release 



STOP 
instruction 



signal (POBj) 


Operation 
mode 


STOP 
instruction 


* I 


Operation mode 


Clock 


Oscillation 


Oscillation 
stopped 


Oscillation 









* The HALT mode remains effective in this period, waiting for the generation of clock pulses to stabilize. 
At least eight clock pulses on the OSC1 pin cause operation to start. 
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8. RESET FUNCTION 

8.1 HARDWARE STATE AT RESET 

A low-active reset signal applied to the RESET pin sets the hardware states as listed below. A transition from 
low to high on the RESET pin releases the reset state. 



2 



Table 8-1 Hardware after Reset 



Name 


Location in memory space 


Set value 


Program counter 




000H 


RAM 


OH to OFH 


Data present before reset is retained. 


Program status 
word (PSW) 


Bit at 7EH 
Bits 3 to 1 at7FH 


AIIOs 


Ports OA to OD 


70H to 73H 


Data present before reset is retained. 
All pins are placed in the input mode. 
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9. ASSEMBLER RESERVED WORDS 

9.1 MASK OPTION PSEUDO INSTRUCTIONS 

Source programs in the assembly language for the /iPD17108 must include mask option pseudo instructions 
to select mask options. To do this, be sure to catalog the D17108. OPT file in AS17108 (device file for/iPD17108) 
into the current directory beforehand. 

Options must be mask-selected for the following pins: 

• POBo 

• POBi 

• POB2 

• POBs 

• RISE? 

9.1.1 OPTION and ENDOP pseudo instructions 

The part starting with the OPTION pseudo instruction and ending with the ENDOP pseudo instruction is 
referred to as a mask option definition block. 

The coding format of the mask option definition block is shown on the next page. 

Within this block, the mask option definition pseudo instructions listed in Table 9-1 can be coded. 

Format 

Symbol Mnemonic Operand Comment 

[ label : ] OPTION [; comment] 



ENDOP 

9.12 Mask option definition pseudo instructions 



Table 9-1 lists the mask option definition pseudo instructions corresponding to each pin. 

Table 9-1 Mask Option Definition Pseudo Instructions 



Pin 


Mask option pseudo instruction 


Number of 
operands 


Operand name 


POBato POBo 


OPTPOB 


4 


POBPLUP (with pull-up resistor) 
OPEN (without pull-up resistor) 


RESET 


OPTRES 


1 


RESPLUP (with pull-up resistor) 
OPEN (without pull-up resistor) 



The coding format of OPTPOB is shown on the next page. The operands POB3, POB2, POBi and POBo are defined 
in this order. 
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Format 

Symbol Mnemonic Operand Comment 

(label:] OPTPOB (POBa), (POB2), (POBi), (POBo) [; comment] 

The coding format of OPTRES is shown below. 

Format 

Symbol Mnemonic Operand Comment 

[label:] OPTRES (RESET) I ; comment] 

Example: 

To set the following mask options in a ^PD17108 source file to be assembled: 

POB3: Pull-up POB2: Pull-up POBi: Open POBo: Open 

RESET: Pull-up 



;17108 




Setting mask options: 


OPTION 




OPTPOB POBPLUP, POBPLUP, OPEN, OPEN 




OPTRES RESPLUP 




ENDOP 
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9.2 RESERVED WORDS 

Table 9-2 lists the reserved words defined in the/iPD17108 device file (AS 17108). 
Table 9-2 Reserved Words 



Name 


AllTIDUlG 


V/aliiA 

vaiue 


Read/write 


Description 


Dn Aft 
rUAU 


rLvj 


0.70H.0 


Read/write 


Qi+ ft r\!§ nArf ft A 

dii u ot port UA 


P0A1 


FLG 


0.70H.1 


Read/write 


dii i ot pon UA 


PDA9 


ci rs 


ft 7ftU O 


Read/write 


□ it 9 rt f r\nrt ft A 
DII Z OT pOil vA 


P0A3 


ci n 


ft 7ftkl ^ 


Read/write 


□ it "5 nf rutrt ft A 

dii o ot pon UA 


rUoU 


ci r* 


0.71H.0 


Read/write 


□ ft nsir* ftD 

dii u ot pon UD 


P0B1 


CI f+ 


0.71H.1 


Read/write 


bit i ot port OB 


P0B2 


FLG 


71H 2 


RooH AA/rito 
nedu/wi lie 


Rit 9 nf nnrt ftR 


pnR'j 
ruoj 


CI fl 
rLu 


ft 71U O 

u. / in. J 


Read/write 


Rit "3 r»f r\/-\rt ft R 
DII O OT pon UD 


P0C0 


FLG 


0.72H.0 


Read/write 


Bit of port 0C 


Dftr*1 

rUCl 


FLG 


0.72H.1 


Read/write 


Bit 1 of port 0C 


P0C2 


ci n 


ft 79M 


Read/writ© 


Rit O r\f nrtrt ftf* 
DII C OT pon \J\* 


P0C3 


FLG 


0.72H.3 


Read/write 


Bit 3 of port 0C 


P0D0 


FLG 


0.73H.0 


Read/write 


Bit of port 0D 


P0D1 


FLG 


0.73H.1 


Read/write 


Bit 1 of port 0D 


P0D2 


FLG 


0.73H.2 


Read/write 


Bit 2 of port 0D 


P0D3 


FLG 


0.73H.3 


Read/write 


Bit 3 of port 0D 


BCD 


FLG 


0.7EH.0 


Read/write 


BCD arithmetic flag 


PSW 


MEM 


0.7FH 


Read/write 


Program status word 


Z 


FLG 


0.7FH.1 


Read/write 


Zero flag 


CY 


FLG 


0.7FH.2 


Read/write 


Carry flag 


CMP 


FLG 


0.7FH.3 


Read/write 


Compare flag 
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10. INSTRUCTION SET 
10.1 INSTRUCTION SET UST 



bis 

bw~bn ^>s^ 





1 


BIN 


HEX 








ADD r, m 


ADD m. #i 


1 


1 


SUB r, m 


SUB m, #i 


10 


2 


AD DC r, m 


AUlArf m, #1 


11 


3 


SUBC r, m 


outJt m, ffi 


10 


4 


ainl* r, m 


AINU m, #1 


10 1 


5 


VAD r- m 

auk r, m 


YHD m ff; 
AUK m, +f 1 


110 


6 


OR r, m 


An _ of : 

uk m, i 


111 


7 


RET 
Kb 1 bK 

RORC r 
STOP s 
HALT h 
NOP 




10 


8 


LD r, m 


ST m, r 


10 1 


9 


SKE m, *i 


SKGE m, #i 


10 10 


A 






10 11 


B 


SKNE m. #i 


SKLT m, #i 


1 10 o 


C 


BR addr 


CALL addr 


110 1 


D 




MOV m, #i 


1110 


E 




SKT m, #n 


1111 


F 




SKF m, #n 
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102 INSTRUCTIONS 



One of data memory 

Data memory address specified by [m H , m L ] of each bank 

Data memory address high (row address) ; 3 bits 

Data memory address low (column address) ; 4 bits 

One of general register specified by [(RP), r] 

General register address low (column address) ; 4 bits 

General register pointer 

Program counter 

Stack pointer 

Stack specified by (SP) 

Immediate data ; 4 bits 



CY 
CMP 



[ ] 
( ) 



Bit position '■ 4 bits 

One of program memory address ; 11 bits 

Program memory address high ; 3 bits 

Program memory address middle ; 4 bits 

Program memory address low ; 4 bits 

Carry flag 

Compare flag 

Stop release condition 

Halt release condition 

Address of M,R 

Contents of M,R 



8. 


Mne- 


Operand 


Function 


Operation 


Machine code 


>. 

H 


monic 


°P. 
code 


bits 


bits 


bits 




ADD 


r.m 


Add memory to register 


R«- (R) + (M) 


00000 


m H 


m L 


r 




m, #i 


Add immediate data to memory 


M- (M) ' + i 


10000 


m H 


m L 


i 




ADDC 


r,m 


Add memory to register with carry 


R^ (R) + (M) + (CY) 


00010 


m H 


m L 


r 




m, #i 


Add immediate data to memory with carry 


R- (M) + i + (CY) 


10010 


m H 


m L 


i 




SUB 


r.m 


Subtract memory from register 


R- (R) - (M) 


00001 


m H 


m L 


r 


1 


m, #i 


Subtract immediate data from memory 


M«- (M) - i 


10001 


m H 


m L 




Subt 


SUBC 


r,m 


Subtract memory from register with borrow 


R- (R) - (M) - (CY) 


00011 


m H 


m L 


r 




m, #i 


Subtract immediate data from memory with borrow 


M— (M) - i - (CY) 


10011 


m H 


m L 


i 




SKE 


m, #i 


Skip if memory equal to immediate data 


M-i, skip if zero 


01001 


m H 


m L 


i 


! 


SKGE 


m, #i 


Skip if memory greater than or equal to immediate data 


M-i, skip if not borrow 


11001 


m H 


it»l 


i 


Comj 


SKLT 


m, #i 


Skip if memory less than immediate data 


M-i, skip if borrow 


11011 


m H 


m L 






SKNE 


m, #i 


Skip if memory not equal to immediate data 


M-i, skip if not zero 


oioh 


n^H 


m L 






AND 


m, #i 


Logical AND of memory and immediate data 


M- (M) AND i 


10100 


m H 


m L 




§ 


r,m 


Logical AND of register and memory 


R- (R) AND (M) 


00100 


m H 


m L 


r 


>perai 


OR 


m, #i 


Logical OR of memory and immediate data 


M^- (M) OR i 


10110 


m H 


m L 






r,m 


Logical OR of register and memory 


R«- (R) OR (M) 


00110 


m H 


m L 


r 


i 


XOR 


m, #i 


Logical XOR of memory and immediate data 


M- (M) XOR i 


10101 


m H 


m L 


i 




r.m 


Logical XOR of register and memory 


R- (R) XOR (M) 


00101 


m H 


m L 


r 




LD 


r.m 


Load memory of register 


R- (M) 


01000 


m H 


m L 


r 


1 


ST 


m,r 


Store register to memory 


(M)-R 


11000 


mH 


m L 


r 


H 


MOV 


m, #i 


Move immediate data to memory 


M— i 


11101 


m H 


m L 




1 


SKT 


m, Htn 


Test memory bits, 

then skip if all bits specified are true 


CMP«-0 

skip if M„ = all "1" 


11110 


m H 


m L 


n 




SKF 


m, #n 


Test memory bits, 

then skip if all bits specified are false 


CMP-0 

skip if M. = all "0" 


11111 


m H 


m L 


n 
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| Type | 


Mne- 
monic 


Operand 


Function 


Operation 


Machine code 


Op 
code 


3 

bits 


4 

bits 


4 

bits 


| Branch | 


BR 


addr 


Jump to the address 


PC-ADDR 


01100 


a H 


a* 


a L 


| Shift 


RORC 


r 


Rotate register right with carry 


<CY)-(R)-CY 


00111 


000 


0111 


r 


Subroutine | 


CALL 


addr 


Call subroutine 


SP«-(SP) - 1 
STACK«-((PC) + 1), 
PC«-ADDR 


11100 


a H 


a M 


a L 


RET 




Return to main routine from subroutine 


PO-(STACK).SP«-(SP) + l 


00111 


000 


1110 


0000 


RETSK 




Return to main routine from subroutine, then skip 
unconditionary 


PC-(STACK).SP«-(SP)+1 
and skip 


00111 


001 


1110 


0000 


| Miscellaneous | 


STOP 


s 


Stop clock 


STOP 


00111 


010 


1111 


s 


HALT 


h 


Halt the CPU, restart by condition h 


HALT 


00111 


on 


1111 


h 


NOP 




No operation 


No Operation 


00111 


100 


1111 


0000 
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11. ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS (T. = 25 °C) 



Supply Voltage 
Input Voltage 
Output Voltage 



High-Level 
Output Current 



Voo 

Vi 

Vo 

lOH 



POA, POC, POD 
POB 



CD 
(*2) 



POA, POC, POD, RESET 
POB C2) 



-0.3 to +7.0 
-0.3 to Vdd+0.3 
-0.3 to Voo+0.3 
-0.3 to +1 1 
-0.3 to Voo+0.3 
-0.3 to Vdd+0.3 
-0.3 to +1 1 



Low Level 
Output Current 



Operating 
Temperature 



lot Each of POA, POB, POC, POD 

Total of all pins 

Tqpt Each of POA, POB, POC, POD 

Total of all pins 



-5 
-15 
30 
100 

-40 to +85 



mA 
mA 
mA 
mA 

°C 



Storage 
Temperature 



Tstg 



-65 to +150 



Power 

Consumption 



Pd 



T. = 85° C 



22-pin shrink DIP 
24-pin SOP 



400 
250 



mW 



* 1 N-ch open-drain input/output and input/output with a pull-up resistor provided 

* 2 N-ch open-drain input/output 



CAPACITANCE (T. = 25 °C f Vdd = V) 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


Unit 


CONDITION 


Input Capacitance 


ClN 






15 


pF 


f=1 MHz 


Input/Output 
Capacitance 


Cio 






15 


PF 


0V for pins other than pins to be 
measured 
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DC CHARACTERISTICS (T. = -40 to + 85 °C. Vdd = 2.5 to 60 V) 



CHARACTERISTICS 


CVMROI 

O T IVIDV-/L 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


High-Level 
Input Voltage 


VIHl 


0.7 Vdd 




Vdd 




Other than the following pins 
and port 


V.H2 


0.8 Vdd 




Vdd 


V 


POB and RESET 


VlH3 


0.8 Vdd 




9 


V 


POB *3 


VlH4 


Vdd - 0.5 




Vdd 


V 


OSCi 


Low-Level 
Input Voltage 


VlL1 







0.3 Vdd 


V 


Other than the following 
pins and port 


VlL2 







0.2 Vdd 


V 


rUb and nfcbc 1 


VlL3 







0.5 


V 


OSCi 


High-Level 
Output Voltage on 
POA, POC, and POD 


VOH 


Vdd - 2.0 






V 


Vdd = 4.5 to 6.0 V, 
Ioh = -2 mA 


Vdd- 1.0 






V 


Ioh m -200 fjA 


Low-Level Output 
Voltage on POA, POB, 
POC, and POD 


Vol 






2.0 


V 


Vdd = 4.5 to 6.0 V, 
Iol = 15 mA 






0.5 


V 


Iol = 600 jiA 


High-Level Input 
Leakage Current 
on POA to POD 


Ilihi 






5 




V|N = V 0D 


ILIH2 






10 


A<A 


ViN = 9 V »3 


Low-Level Input 
Leakage Current 
on POA to POD 


lllL 






c 




\/im _ n \/ 
VIN = u V 


High-Level Output 
Leakage Current on 
POA to POD 


Ilohi 






5 




Vout = Vdd 


ILOH2 






10 


fjA 


VOUT = 9 V «3 


Low-Level Output 
Leakage Current on 
POA to POD 


Ilol 






-5 


»A 


Vout = V 


Resistor Provided 
for Input Pin 


20 


47 


95 


Kft 


RESET (pull-up) 


Resistor Provided 
for Input/Output Pin 


5 


15 


30 


K£i 


P0B0, P0B1,POB2and P0B3 
(pull-up) 



• 3 When N-ch open-drain input/output is selected 
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CHARACTERISTICS 


SYMBOL 


TYP. 


MAX. 


UNIT 


MIN. 


CONDITION 




looi 


0.4 


1.2 


mA 


Operation 


Vdo = 5 V ±10% 

1 ft K MJi 1 Of\ 0/ 

Tec = l.U MHZ ± zO 70 


Power Supply 


50 


150 


jiA 




Vdd = 3 V ± 10%, 

frr - 250 KH7 + 7Q % 

ICC — 4L\J\J IX 1 l£ *»" /O 


Current »4 


I002 


0.3 


0.9 


mA 


HALT 


Vod = 5 V ±10 %, 
fcc= 1.0 MHz ±20% 






40 


120 


/* 


mode 


Vdd = 3 V±10%, 
fee = 250 kHz ± 20 % 




ID03 


0.1 


10 


HA 


STOP 


Vdd=5V±10% 






0.1 


5 




mode 


Vdo = 3V±10% 



•4 This current excludes the current which flows through the built-in pull-up resistors. 

CHARACTERISTICS OF DATA MEMORY FOR HOLDING DATA ON LOW SUPPLY VOLTAGE 
IN THE STOP MODE (T. = - 40 to +85 °C) 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYPE 


MAX. 


UNIT 


CONDITION 


Data Hold Supply Voltage 


Vdoor 


2.0 




6.0 


V 




Data Hold Supply Current 


iDDDfl 




0.1 


5.0 


V* 


Vdodr = 2.0 V 


Release Signal Set Time 


tsHEL 













AC CHARACTERISTICS (T. = -40 to +85 °C, Vdd = 2.5 to 6.0 V) 


CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


Internal Clock Cycle Time 


Tcy 


6.6 




160 




Vddd = 4.5 to 6.0 V 


26.6 




160 






High/Low Level Width on 
POBo and POBi 


Tpbh 

TP8L 


10 






flS 




High/Low Level Width on 
RESET 


Trsh 
Trsl 


10 






/IS 
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4-BIT SINGLE-CHIP MICROCONTROLLER 



The /zPD17P107 is a tiny microcontroller composed of a ROM with 1K-byte capacity, a RAM with 16-word 
capacity and 11 I/O ports. It is a product developed by replacing the on-chip mask ROM of the/iPD17107 
with the one-time PROM. 

The /*PD17P107CX, which is writable only once, and the /*PD17P107GS are available. They are 
convenient for evaluating or producing in small quantities the //PD17107. 

Very efficient programming is possible due to the /*PD17000 architecture incorporating the general- 
purpose register system, which allows the data memory to be manipulated directly, being adopted in the 
CPU. Every instruction is composed of 1 word of 16-bit length. 

FEATURES 

• ^PD17107 compatible 

• Program memory (one-time PROM): 1K byte (512 words x 16 bits) 

• Data memory (RAM): 16 words x 4 bits 

• I/O ports: 11 ports (N-ch open-drain output 3 ports) 

• Instruction execution time: 128 us (62.5 kHz) to 8 /*s (1 MHz) 

• Instruction types: 24 types (all 1-word instructions) 

• Stack levels: 1 level 

• Standby function available (by STOP, HALT instruction) 

• Data memory data retainable at low voltage (MIN. 2.0 V) 

• With on-chip system clock oscillator (only resistor externally provided) 

• Operating supply voltage: 2.5 to 6.0 V (at 250 kHz) 

4.5 to 6.0 V (at 1 MHz) 

APPLICATIONS 

• Electronic control of home electric appliances, TOY, etc. 

ORDERING INFORMATION 

Order Code Package 

AIPD17P107CX 16-pin plastic DIP (300 mil) 

/xPD17P107GS 16-pin plastic SOP (300 mil) 
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PIN CONFIGURATION (Top View) 



/iPD1 7P1 07CX//iPD1 7P1 07GS 



OSCi o— {T 
0SCQ/MD3 

RESET /Vpp o— {T 

POD0/D0 o— jT 

POD1/D1 o— £T 

POD2/D2 |T 

POD3/D3 o— |T 

Vdd o — [7 



le]— o GND 

7s]— o POB2/MD2 

TT|— o POB 1/R LSstop/M D 1 

][3]~-o POBo/RLShalt/MDo 

o P0C3/D7 

Ti}— o P0C2/D6 

ToJ^o POC1/D5 

T)~o POC0/D4 



16 Pin Plastic DIP 
16 Pin Plastic SOP 



BLOCK DIAGRAM 



System Clock 
Generator 



-o OSCo 
-o OSC1 



CPU CLK CLK STOP 



N-ch open drain 



POBo/RLShalt/MDo ( 
PO&i/RLSstop/MDi < 
POB2/MD2 c 

P0CQ/D4 , 
POC1/D5 , 
POC2/D6 < 
P0C3/D7 ' 

PODq/Do ( 
POD1/D1 < 
POD2/D2 < 
POD3/D3 ' 



RESET / Vpp < 
Vdd « 



POB 



W 



CMOS 



w 



CMOS 



POD 



W 



'^1 



RAM 

16x4 bits 




Program Counter] 
(Z ^Stack 1 x 9 bits| 
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PIN FUNCTIONS 



PIN FUNCTION LIST 
• Port pins 



Pin Name 


Input/ 
Output 


Dual-Function 
Pin 


Function 


Program Memory 
Write/Verify Mode 


Reset 


POBo 


Input/ 
Output 


RLShalt 


MDo 


• N-ch open-drain 
4-bit input/ 
output port 
(Port OB) 


HALT mode 
releasing 


Mode setting 
pin 


High imped- 
ance (input 
mode) 


POBi 


RLSstop 


MD1 


STOP mode 
releasing 


POB2 


MD2 




POCo 


Input/ 
Output 


D4 


• CMOS (push-pull) 4-bit 
input/output port 
(Port OC) 


8-bit data input/ 
output pin 
(high-order 4 
bits) 


High imped- 
ance (input 
mode) 


POCi 


D 5 


POC2 


De 


POCs 


D? 


PODo 


Input/ 
output 


Do 


• CMOS (push-pull) 4-bit 
input/output port 
(Port OD) 


8-bit data input/ 
output pin (low- 
order 4 bits) 


High imped- 
ance (input 
mode) 


POD1 


D1 


POD2 


D2 


PODa 


D3 



• Other than port pins 



Pin Name 


Input 
Output 


Dual- 
Function 
Pin 


Function 


Program Memory 
Write/Verify Mode 


RESET 


Input 


Vpp 


System reset input pin 


Voltage impression pin (+12.5 V) 


Vdd 






Positive power pin 


Positive power pin (+6.0 V) 


GND 






GND pin 


GND pin 


OSC1 






System clock oscillation 
resonator connection pin 


Program memory address 
update 


OSCo 




MD 3 


System clock oscillation 
resonator connection pin 


Mode setting pin 
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PIN INPUT/OUTPUT CIRCUITS 

The /*PD17P107 pin input/output circuit diagrams are shown below. 
(1) POC, POD 

Vdd 



(2) POBo, POBi 



data - 



output 
disable ~ 



□HE 



P-ch 



Vdd 



-O IN/OUT 



output _ 
disable 



3> 



-N-ch 




JT 



-O IN/OUT 



N-ch 
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(3) POB2 



-O IN/OUT 



output 
disable ~ 



P-ch 



uu 



N-ch- 



(4) RESET 



IN O 




2-381 



HPD17P107 



NEC 



9. DIFFERENCES BETWEEN ^PD17P107 AND ,uPD17107 

The /XPD17P107 is a product developed by replacing the program memory of the jiPD17107 with the on- 
chip mask ROM with the one-time PROM. These 2 models have the same CPU functions and on-chip 
hardware with the only difference being the program memory and the mask option. Table 9-1 shows the 
differences between the ^PD17P107 and /*PD17107. 



Table 9-1 Differences between ^PD17P107 and /iPD17107 



Item 


/XPD17P107 


juPD17107 


ROM 


One-time PROM 
512 x 16 bits 


Mask ROM 
512 x 16 bits 


POBo to POB2 pin pull-up 
resistor 


Not available 


Mask option 


RESET pin pull-up resistor 


Not available 


Mask option 


Connection pin 


Vpp pin, run mode 
selection pin available 


Vpp pin, run mode selection 
pin not available 


Input power 


2.5 to 6.0 V (at 250 kHz) 
4.5 to 6.0 V (at 1 MHz) 


Package 


16-pin DIP 
16-pin SOP 
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10. ONE-TIME PROM (PROGRAM MEMORY) WRITE AND VERIFY 

The /*PD17P107's on-chip program memory is a 512 x 16-bit one-time PROM. 

To write/verify this one-time PROM, the pins shown in the table below are used. No address input is 
available. Instead, a system to update the address by the clock input via the OSCi pin is adopted. 



Pin Name 


Function 


Vpp 


Voltage impression pin at program memory write/verify 


OSCi 


Address updating clock input pin at program memory write/verify 


MDo to MD3 


Input pin at program memory write/verify. Used as run mode 
selection pin. 


Do to D7 


8-bit data input/output pin at program memory write/verify 



10.1 RUN MODE AT PROGRAM MEMORY WRITE/VERIFY 

The |iPD17P107 assumes the program memory write/verify mode if +6 V is impressed to the Vdd pin and 
+12.5 V is impressed to the Vpp pin after the reset status (Vdd = 5 V, RESET = V) assumed for a certain 
period of time. In that mode, the following run mode is entered according to the MDo to MD3 pin setting. 
All the remaining pins are at the GND potential by the pull-down resistor. 



Run Mode Setting 


Run Mode 


Vpp 


Vdd 


MDo 


MDi 


MD2 


MD 3 


+12.5 V 


+6 V 


H 


L 


H 


L 


Program memory address clear 


L 


H 


H 


H 


Write mode 


L 


L 


H 


H 


Verify mode 


H 


X 


H 


H 


Program inhibit mode 



x: L or H 



10.2 PROGRAM MEMORY WRITING PROCEDURE 

The program memory writing procedure is shown below. High-speed write is possible. 

(1) Pull down the pins not to be used to GND via the resistor. The OSCi pin at the low level. 

(2) Supply 5 V to the Vdd pin. The Vpp pin at the low level. 

(3) Wait 10 jis and then supply 5 V to the Vpp pin. 

(4) Set the mode setting pin to the program memory address clear mode. 

(5) Supply 6 V to Vdd and 12.5 V to Vpp. 

(6) Assume the program inhibit mode. 

(7) Write data in the 1-ms write mode. 

(8) Assume the program inhibit mode. 

(9) Assume the verify mode. If written, go to (10). If not, repeat (7) to (9). 
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(10) Additionally write (number of times written in (7) to (9): X) x 1 ms. 

(11) Assume the program inhibit mode. 

(12) Update (+1) the program memory address by inputting a pulse to the OSCi pin 4 times. 

(13) Repeat (7) to (12) up to the last address. 

(14) Assume the program memory address clear mode. 

(15) Change the Vdd, Vpp pin voltage to 5 V. 

(16) Power off. 

The above procedure of (2) to (12) is shown in the diagram below. 

Repeat X Times 



Verify 



Vpp 
Vdd 
GND 
^ Vdd + 1 
5 Vdd 
GND 

OSCi 
Do to D7 



- Additionally 
Write 



Data 
Output 



Address 
Increment 



- { Data Input ) — ( ) - — {} ( Data InpuP^ - 



-c 



MDo 



\-j — v_v~ 



MDi 



V 



MD2 



MD3 



S 



10.3 PROGRAM MEMORY READING PROCEDURE 



(1) Pull down the pins not to be used to GND via the resistor. The OSCi pin at the low level. 

(2) Supply 5 V to the Vdd pin. The Vpp pin at the low level. 

(3) Wait 10 /is and then supply 5 V to the Vpp pin. 

(4) Set the mode setting pin to the program memory address clear mode. 

(5) Supply 6 V to Vdd and 12.5 V to Vpp. 

(6) Assume the program inhibit mode. 

(7) Assume the verify mode. Output data sequentially 1 address at a time at intervals of 4 inputs when 
a clock pulse is input to the OSCi pin. 

(8) Assume the program inhibit mode. 

(9) Assume the program memory address clear mode. 

(10) Change the Vdd, Vpp pin voltage to 5 V. 

(11) Power off. 
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The above procedure of (2) to (9) is shown in the diagram below. 



Vpp 

Vpp 

Vdd 
GND 
Vdd + 1 



Vdd 

GND 



Vdd ^j- 



OSCi 



j — 

AAAAAAAAAAA 



MDo 



MDi 



Do to D7 ^ Data Output ^ Data Output ^ \ - 
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11. ASSEMBLER RESERVED WORDS 

Table 11-1 lists the reserved symbols defined in the juPD17P107's device file (AS17107). 



Table 11-1 Reserved Symbol List 



Name 


Attribute 


Value 


R/W 


Description 


POBO 


FLG 


0.71H.0 


R/W 


Port OB, bit 


P0B1 


FLG 


0.71H.1 


R/W 


Port OB, bit 1 


P0B2 


FLG 


0.71H.2 


R/W 


Port OB, bit 2 


P0B3* 


FLG 


0.71H.3 


R 


Value "0" fixed 


POCO 


FLG 


0.72H.0 


R/W 


Port 0C, bit 


P0C1 


FLG 


0.72H.1 


R/W 


Port 0C, bit ] 


P0C2 


FLG 


0.72H.2 


R/W 


Port 0C, bit 2 


P0C3 


FLG 


0.72H.3 


R/W 


Port 0C, bit 3 


PODO 


FLG 


0.73H.0 


R/W 


Port 0D, bit 


P0D1 


FLG 


0.73H.1 


R/W 


Port OD, bit 1 


P0D2 


FLG 


0.73H.2 


R/W 


Port OD, bit 2 


P0D3 


FLG 


0.73H.3 


R/W 


Port OD, bit 3 


BCD 


FLG 


0.7EH.0 


R/W 


BCD operation flag 


PSW 


MEM 


0.7FH 


R/W 


Program status word 


Z 


FLG 


0.7FH.1 


R/W 


Zero flag 


CY 


FLG 


0.7FH.2 


R/W 


Carry flag 


CMP 


FLG 


0.7FH.3 


R/W 


Compare flag 



P0B3, which is not available in the juPD17P107, has been registered as a read only flag to be used as 
a dummy bit when using a built-in macro. 
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12. INSTRUCTION SETS 
12.1 INSTRUCTION SET LIST 



bis 

bi 4 -b n ^-^^ 





1 


BIN 


HEX 








ADD r, m 


ADD m, #i 


1 


1 


SUB r, m 


SUB m, #i 


10 


2 


adix, r, m 


ADDU m, #1 


11 


3 


SUBC r, m 


SUBC m, #i 


10 


4 


AND r, m 


AINU m, #1 


10 1 


5 


XOR r, m 


XOR m, # i 


110 


6 


OR r, m 


OR m, # i 


111 


7 


RET 
Kn, 1 ols. 

RORC r 
STOP s 
HALT h 
NOP 




10 


8 


LD r, m 


ST m, r 


10 1 


9 


SKE m, #i 


SKGE m, #i 


10 10 


A 






10 11 


B 


SKNE m, #i 


SKLT m, #i 


110 


C 


BR addr 


CALL addr 


110 1 


D 




MOV m, #i 


1110 


E 




SKT m, #n 


1111 


F 




SKF m, #n 
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12.2 INSTRUCTION LIST 



Legend 



RP 

PC 
SP 

STACK 



: One of data memory 

: Data memory address specified by [m H , m L ] of each bank 

: Data memory address high (row address) ; 3 bits 

: Data memory address low (column address) ; 4 bits 

: One of general register specified by [(RP), r] 

: General register address low (column address) ; 4 bits 

: General register pointer 

: Program counter 

: Stack pointer 

: Stack specified by (SP) 

: Immediate data ; 4 bits 



n : Bit position : 4 bits 

addr : One of program memory address ; 11 bits 

a H : Program memory address high ; 3 bits 

a M : Program memory address middle ; 4 bits 

a L : Program memory address low ; 4 bits 

CY : Carry flag 

CMP : Compare flag 

s : Stop release condition 

h : Halt release condition 

[ ] : Address of M,R 

( ) : Contents of M,R 





Mne- 


Oper- 


Function 


Operation 


Machine Code 


1 


monic 


and 


Op. 
Code 


3- 
Bit 


4- 
Bit 


4- 

Bit 




ADD 


r,m 


Add memory to register 


R«- (R) + (M) 


00000 


m H 


m L 


r 




m, #i 


Add immediate data to memory 


M«- (M) + i 


10000 


m H 


m L 




3 


ADDC 


r,m 


Add memory to register with carry- 


R- (R) + (M) + (CY) 


00010 


m H 


m L 


r 




m, #i 


Add immediate data to memory with carry- 


R- (M) + i+ (CY) 


10010 


m H 


m L 






SUB 


r,m 


Subtract memory from register 


R<— (R) - (M) 


00001 


m H 


m L 


r 


Subtractioi 


m, #i 


Subtract immediate data from memory 


M- (M) - i 


10001 


m H 


m L 




SUBC 


r,m 


Subtract memory from register with borrow 


R^- (R) - (M) - (CY) 


00011 


m H 


I"L 


r 


m , # i 


Subtract immediate data from memory with borrow 


M«- (M) - i - (CY) 


10011 


m H 


m L 


i 




SKE 


m, #i 


Skip if memory equal to immediate data 


M-i, skip if zero 


01001 


m H 


mL 


i 


pare 


SKGE 


m, #i 


Skip if memory greater than or equal to immediate data 


M — i, skip if not borrow 


11001 


m H 


m L 


i 


Com 


SKLT 


m, #i 


Skip if memory less than immediate data 


M~i, skip if borrow 


11011 


m H 


m L 






SKNE 


m, #i 


Skip if memory not equal to immediate data 


M — i, skip if not zero 


01011 


m H 


m L 


i 




AND 


m, #i 


Logical AND of memory and immediate data 


M«- (M) AND i 


10100 


ma 


m L 




lie operation 


r,m 


Logical AND of register and memory 


R*- (R) AND (M) 


00100 


m H 


m L 


r 


OR 


m, #i 


Logical OR of memory and immediate data 


M«- (M) OR i 


10110 


m H 


m L 


i 


r,m 


Logical OR of register and memory 


R^ (R) OR (M) 


00110 


m H 


m L 


r 


5 


XOR 


m, #i 


Logical XOR of memory and immediate data 


M«- (M) XOR i 


10101 


m H 


m L 






r,m 


Logical XOR of register and memory 


R^ (R) XOR (M) 


00101 


m H 


m L 


r 


CD 


LD 


r,m 


Load memory of register 


R^ (M) 


01000 


m H 


m L 


r 


S 


ST 


m, r 


Store register to memory 


<M)«-R 


11000 


m H 


m L 


r 


MOV 


m, #i 


Move immediate data to memory 


M-i 


11101 


m H 


m L 




1 Judge 1 


SKT 


m, #n 


Test memory bits, 

then skip if all bits specified are true 


CMP*-0 

skip if M n = all "1" 


11110 


m H 


m L 


n 


SKF 


m, #n 


Test memory bits, 

then skip if all bits specified are false 


CMP-0 

skip if M„ = all "0" 


11111 


m H 


m L 


n 
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1 


Mne- 


Oper- 


Function 


Operation 


Machine Code 


Instnj 


monic 


and 


Op. 
Code 


3- 

Bit 


4- 

Bit 


4- 

Bit 


Branch | 


BR 


addr 


Jump to the address 


PC-ADDR 


01100 


a H 




3l 


Shift 


RORC 




Rotate register right with carry 


(CY)-»(R)-»CY 


00111 


000 


0111 


r 










SP«-(SP) -1 












CALL 


addr 


Call subroutine 


STACK- ((PC) + D, 


11100 


a H 


a M 




utine 








PC— ADDR 










ubroi 


RET 




Return to main routine from subroutine 


PCHSTACIO.SIMSD + l 


00111 


000 


1110 


0000 


CO 


RETSK 




Return to main routine from subroutine, then skip 
unconditionary 


PC- (STACK), SIMSP) + 1 
. and skip 


00111 


001 


1110 


0000 




STOP 


s 


Stop clock 


STOP 


00111 


010 


1111 


s 


© 

6 


HALT 


h 


Halt the CPU, restart by condition h 


HALT 


00111 


011 


1111 


h 




NOP 




No operation 


No Operation 


00111 


100 


1111 


0000 
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13. ELECTRIC CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS (Ta = 25 C) 



Supply Voltage 


Vdd 




V.O VJ + / .u 


y 


Supply Voltage 


Vpp 




-0.3 to +13.5 


V 


Input Voltage 


Vi 


POC, POD, RESET 


0.3 to Vdd +0.3 


V 






POB 


-0.3 to +11 


V 


Output Voltage 


Vo 


POC, POD 


0.3 to Vdd +0.3 


V 






POB 


-0.3 to +11 


V 


High-level Output Amperage 


I OH 


POB, POC, POD per pin 


-5 


mA 






Total for all pins 


-15 


mA 


Low-level Output Amperage 


lOL 


POB, POC, POD per pin 


30 


mA 






Total for all pins 


100 


mA 


Operating Temperature 


Topt 




-40 to +85 


°C 


Storage temperature 


Tstg 




-65 to +150 


°C 


Power Dissipation 


Pd 


Ta = 85 °C 16 pin DIP 


400 


mW 






16 pin SOP 


190 


mW 



CAPACITY (Ta = 25 °C, Vdd = V) 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


Input Capacity 


ClN 






15 


PF 


f = 1 MHz, V at other than 
measured pins 


Input/Output Capacity 


Cio 






15 


pF 
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DC CHARACTERISTICS (T. = -40 to +85 C, Vdo = 2.5 to 6.0 V) 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


High-level Input 
Voltage 


VlHi 


0.7 Vdd 




Vdd 


V 


Other than specified below. 


VIH2 


0.8 Vdd 




Vdd 


V 


POB, RESET 


VIHa 


0.8 Vdo 




9 


V 


POB* 


VI H4 


Vdd - 0.5 




Vdd 


V 


OSCi 


Low-level Input 
Voltage 


VIL1 







0.3 Vdd 


V 


Other than specified below. 


VIL2 







0.2 Vdd 


V 


POB, RESET 


VI La 







0.5 


V 


OSC1 


POC, D 

High-level Output 
Voltage 


Voh 


Vdd - 2.0 






V 


Vdd = 4.5 to 6.0 V 
I oh = -2 mA 


Vdd - 1.0 






V 


I oh = -200 fiA 


POB, C, D 
Low-level Input 
Voltage 


Vol 






2.0 


V 


Vdd = 4.5 to 6.0 V 
Iol = 15 mA 






0.5 


V 


Iol = 600 //A 


POB, C, D High-level 
Input Leak Current 


Ilihi 






5 


AiA 


Vin = Vdd 


ILIH2 






10 


fiA 


Vin = 9 V* 


POB, C, D Low-level 
Input Leak Current 


Ilil 






-5 


M 


Vin = V 


POB, C, D High-level 
Output Leak Current 


Ilohi 






5 


AiA 


Vout = Vdd 


ILOH2 






10 


M 


Vout = 9 V* 


POB, C, D Low-level 
Output Leak Current 


Ilol 






-5 


M 


Vout = V 


Supply Amperage 


Iddi 




0.4 


1.2 


mA 


Run 
mode 


Vdd = 5 V ±10 % 
fee = 1.0 MHz ±20 % 




50 


150 


MA 


Vdd = 3 V ±10 % 
fee = 250 kHz ±20 % 


lDD2 




0.3 


0.9 


mA 


HALT 
mode 


Vdd = 5 V ±10 % 
fee = 1.0 MHz ±20 % 




40 


120 


HA 


Vdd = 3 V ±10 % 
fee = 250 kHz ±20 % 


IDD3 




0.1 


10 


//A 


STOP 
mode 


Vdd = 5 V ±10 % 




0.1 


5 


fiA 


Vdd = 3 V ±10 % 



*: If N-ch open-drain input/output selected. 
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LOW-SUPPLY VOLTAGE DATA HOLDING CHARACTERISTICS IN DATA MEMORY STOP MODE 
(Ta = -40 to +85 °C) 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


Data Holding Supply 
Voltage 


Vdddr 


2.0 




6.0 


V 




Data Holding Supply 
Amperage 


Idddr 




0.1 


5.0 


M 


Vdddr = 2.0 V 


Release Signal Set 
Time 


tSREL 









US 




AC CHARACTERISTICS (Ta = -40 to +85 C, Vdd = 2.5 to 6.0 V) 


CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


Internal Clock Cycle 
Time 


Tcy 


6.6 




160 


lis 


Vdd = 4.5 to 6.0 V 


26.6 




160 


US 




POBo, P0Bi, 
High/Low Level 
Width 


Tpbh 
Tpbl 


10 






US 




RESET, High/Low 
Level Width 


Trsh 
Trsl 


10 






US 
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DC PROGRAMMING CHARACTERISTICS (T» = 25 C, Vdd = 6.0 ±0.25 V, Vpp s 12.5 ±0.5 V) 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


High-Level Input 
Voltage 


Vim 


0.7 Vdd 




Vdd 


V 


Other than OSCi 


VlH2 


Vdd - 0.5 




Vdd 


V 


OSCi 


Low-Level Input 
Voltage 


VlLI 







0.3 Vdd 


V 


Other than OSCi 


VlL2 







0.4 


V 


OSCi 


Input Leak Current 


Ili 






10 


ma 


Vin = Vil or Vih 


High-Level Output 
Voltage 


VOH 


Vdd - 1.0 






V 


Ioh = -1 mA 


Low-Level Output 
Voltage 


Vol 






0.4 


V 


Iol = 1.6 mA 


Vdd Supply Current 


Idd 






30 


mA 




Vpp Supply Current 


Ipp 






30 


mA 


MD0 = Vil, MD1 = Vih 



NOTE 1: Vpp must not be a minimum of +13.5 V including overshoot. 
2: Impress Vdd before Vpp and break it after Vpp. 



AC PROGRAMMING CHARACTERISTICS (Ta = 25 °C, Vdd = 6.0 ±0.25 V, Vpp = 12.5 ±0.5 V) 



CHARACTERISTICS 


SYMBOL 


*1 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


Address Set-Up 
Time *2 (for MD0 i) 


tAS 


tAS 


2 






MS 




MD1 Set-Up Time 
(for MD0 i) 


tMIS 


tOES 


2 






MS 




Data Set-Up Time 
(for MD0 i) 


tDS 


tDS 


2 






MS 




Address Hold Time *2 
(for MD0 t) 


tAH 


tAH 


2 






|fS 




Data Hold Time 
(for MD0 T) 


tDH 


tDH 


2 






jus 




MD0 T -> Data Output 
Float Delay Time 


tDF 


tDF 







130 


ns 




Vpp Set-Up Time 
(for MD3 T) 


tvps 


tvps 


2 






/is 




Vdd Set-Up Time 
(for MD3 t) 


tvDS 


tvcs 


2 






Ms 




Initial Program Pulse 
Width 


tpw 


tPW 


0.95 


1.0 


1.05 


ms 
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CHARACTERISTICS 


SYMBOL 


*1 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


Additional Program 
Pulse Width 


tOPW 


tOPW 


0.95 




21.0 


ms 




MDO Set-Up Time 
(for MD1 t) 


tMOS 


tCES 


2 






/is 




MDO i-> Data Output 
Delay Time 


tDV 


tDV 






1 


/IS 


MDO = MD1 = Vil 


MD1 Hold Time 
(for MDO t) 


tM1H 


tOEH 


2 






/IS 


tMIH + tM1R > 50 /IS 


MD1 Recover Time 
(for MDO I) 


tMIR 


tOR 


2 






/IS 


Program Counter Reset 
Time 


tPCR 




10 






US 




OSCi Input High/Low 
Level Width 


txH, 
txL 




0.42 






/IS 




OSCi Input Frequency 


fosc 








1.2 


MHz 




Initial Mode Set Time 


tl 


- 


2 






/IS 




MD3 Set-Up Time 
(for MD1 T) 


tM3S 




2 






/IS 




MD3 Hold Time 
(for MD1 i) 


tM3H 




2 






/IS 




MD3 Set-Up Time 
(for MDO i) 


tM3SR 




2 






/IS 


At program memory 
read 


Address *2 -» Data 
Output Delay Time 


tDAO 


tACC 


2 






/IS 


At program memory 
read 


Address *2 -> Data 
Output Hold Time 


tlHAD 


tOH 







130 


ns 


At program memory 
read 


MD3 Hold Time 
(for MDO t) 


tM3HR 




2 






/IS 


At program memory 
read 


MD3 4-> Data Output 
Float Delay Time 


tDFR 




2 






/IS 


At program memory 
read 


Reset Set-Up Time 


tRES 




10 






/IS 





*1: A symbol of the corresponding /iPD27C256. 

*2: The internal address signal is incremented (+1) at the 3rd OSCi input falling and is not connected to 
a pin. 
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PROGRAM MEMORY WRITING TIMING 

t«ES 



Vpp 

Vpp 

Vdd 
GND 
Vdd + 1 
Vdd vdd 
GND 
OSCi 



Do to D7 



MDo 



MD2 



MD3 



tvps 



s 



Data 
Input 



i x 



4tl 



Data 
Output 



Data 
Input 



-4^ 



tDF . . ' tDS 

■r- if 



r 



Data 
Input 



PROGRAM MEMORY READING TIMING 



Vpp 
Vdd 

GND 
Vdd + 1 
Vdd 

GND 

OSCi 



MDo 



MDi 



MD2 



MD3 



Y 



^P ata0utpl ^ K ^ Data Output ^ || ^ — 



X 
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4-BIT SINGLE CHIP MICROCONTROLLER 



The /iPD17P108 is a tiny microcontroller consisting of a 1K-byte ROM, 16-word RAM, and 16 input/output 
ports. It is a one-time PROM version of the /xPD17108, whose internal mask ROM is replaced with a one-time 



Two /iPD17P108 models are available: jiPD17P108CS and /xPD17P108GS, which allow a program to be 
written only once. They are suitable for evaluation of /xPD17108 and for small-scale production. 

The 17K architecture of the CPU uses general registers so that data memory can be manipulated directly for 
effective programming. Every instruction is 1 word long, consisting of 16 bits. 

FEATURES 

• Compatible with the ^PD17108 

• Program memory (one-time PROM) 1K bytes (512 words x 16 bits) 

• Data memory (RAM) 16 words x 4 bits 

• Input/output ports 16 ports (including four N-ch open-drain outputs) 

• Instruction execution time 128 f.is (62.5 kHz) to 8 |*s (1 MHz) 

• Number of instructions 24 (Each instruction is 1 word long.) 

• Stack level 1 

• A standby function is supported (with the STOP and HALT instructions). 

• Data memory can retain data on low voltage (2.0 V at minimum). 

• An oscillator is included for the system clock. (Only resistors are mounted externally.) 

• Operating supply voltage 2.5 to 6.0 V (at 250 kHz) 



PROM. 



4.5 to 6.0 V (at 1 MHz) 



APPLICATIONS 



• Controlling electric appliances or toys 



ORDERING INFORMATION 



Order Code 



Package 



^PD17P1Q8CS 
A*PD17P108GS 



22-pin plastic shrink DIP (300 mil) 
24-pin plastic SOP (300 mil) 
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PIN CONFIGURATION (Top View) 





16]^*o POD1/D1 
Til^^o POD0/D0 
T4h — o RESET/Vpp 
13j— -o OSd 
12|— — o OSC0/MD3 




22-pin plastic shrink DIP 



24-pin plastic SOP 



BLOCK DIAGRAM 



System Clock 
Generator 



-o OSC0/MD3 
-o OSCi 



CMOS 



POAo c 
POAi c 
POA2C 
POA3C 



POBq/RLShalt/MDc 
POBi/RLSstop/MDi 
POBz/MDa 
POD3 

POC0/D4 
POC1/D5 
POCz/De 
POC3/D7 

POD0/D0 . 
POD1/D1 . 
P0D2/D2 . 
POD3/D3 . 



N-ch open drain 



POC 



CMOS 



POD 



RESET/Vpp < 
Vdd < 
GND 




CPUCLK CLK STOP 



RAM 

16x4 bits 



ROM 

512x16 bits 



Instruc- ^ 
Decoder 



{ I Program Counter I 
Q | Stack 1x9 bits | 
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PIN FUNCTIONS 
Pin Functions 



• Port pins 



Pin name 


Input/ 
output 


Dual function pin 


Function 


When writing to 
program memory 
or verifying its 
contents 


When reset 


POAo 
POAi 
POA2 
POA3 


Input/ 
output 




CMOS (push-pull) 4-bit input/out- 
put port (port OA) 


Pull down 


High imped- 
ance (input 
mode) 


POBo 


Input/ 
output 


RLShalt 


MDo 


N-ch open- 
drain 4-bit 
input/out- 
put port 
(port OB) 


For the HALT 
mode releasing 
For the STOP 
mode releasing 


Mode selection 
pin 


High imped- 
ance (input 
mode) 


POB1 


RLSstop 


MD1 


POB2 


MD2 


POBa 






Pull down 


POCo 


Input/ 
output 


D4 


CMOS (push-pull) 4-bit input/out- 
put port (port OC) 


8-bit data input/ 
output pin (high- 
order 4 bits) 


High imped- 
ance (input 
mode) 


POC1 


Ds 


POC2 


De 


POCs 


D7 


PODo 


Input/ 
output 


Do 


CMOS (push-pull) 4-bit input/out- 
put port (port OD) 


8-bit data input/ 
output pin (low- 
order 4 bits) 


High imped- 
ance (input 
mode) 


POD1 


D1 


POD2 


D2 


POD3 


D3 



Non-port pins 



Pin name 


Input/ 
output 


Dual 

Function 

pin 


Function 


When writing to program me- 
mory or verifying its contents 


RESET 


Input 


Vpp 


System reset input pin 


Voltage is applied to this pin 
(+12.5 V) 


Vdd 






Positive power supply pin 


Positive power supply pin 
(+6.0 V) 


GND 






GND pin 


GND pin 


OSC1 






Pins to be connected to the system clock 
resonator 


Program memory address 
update 


OSCo 




MD3 


Pins to be connected to the system clock 
resonator 




NC 






NC pin is not connected internally. 


Mode selection pin 
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PIN INPUT/OUTPUT CIRCUITS 

Following are schematics of the input/ouput circuits of the pins of the /iPD17P108. 
(1) POA, POC, and POD 



(2) POBo and POBi 



Vdd 



r 



output 
disable 



on 



Vdd 



N-ch • 



-O IN/OUT 



output 
disable 



3>H 



DD 




N-ch 



-O IN/OUT 
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(3) POB2 and POBa 



(4) RESET 



-O IN/OUT 



output 
disable " 



Vdd 



Pch ^h 



IN O- 




JT 
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10. WRITING TO AND VERIFYING ONE-TIME PROM (PROGRAM MEMORY) 

The jiPD17P108's internal program memory consists of a 512 x 16 bit one-time PROM. 

Writing to the one-time PROM or verifying the contents of the PROM is accomplished using the pins shown in 
the table below. Note that address inputs are not used; instead, the address is updated using the clock input from 
the OSCi pin. 



Pin name 


Function 


Vpp 


Voltage is applied to this pin when writing to program memory or verifying its contents. 


OSCi 


Input pin for address update clock used when writing to program memory or verifying its 
contents 


MDoto MD3 


Pins that turn to input pins and are used as operation mode selection pins when writing to 
program memory or verifying its contents 


Do to D7 


Input/output pins for 8-bit data used when writing to program memory or verifying its contents 



10.1 PROGRAM MEMORY WRITE/VERIFY MODES 

If +6 V is applied to the Vdd pin and +12.5 V is applied to the Vpp pin after a certain duration of reset 
status (Vdd = 5 V, RESET = V), the /xPD17P108 enters program memory write/verify mode. A specific 
operating mode is then selected by setting the MDo through MD3 pins as follows. Set the other unused pins 
to GND level by means of pull-down resistors. 



Operating mode specification 


Operating mode 


Vpp 


Vdd 


MDo 


MD1 


MD2 


MD3 


+12.5 V 


+6V 


H 


L 


H 


L 


Program memory address clear mode 


L 


H 


H 


H 


Write mode 


L 


L 


H 


H 


Verify mode 


H 


X 


H 


H 


Program inhibit mode 



x : L (low) or H (high) 
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10.2 WRITING TO PROGRAM MEMORY 



The procedure for writing to program memory is described below; high-speed write is possible. 

(1) Pull low the levels on all unused pins to GND by means of resistors. Bring OSCi to low level. 

(2) Apply 5 V to Vdd and bring Vpp to low level. 

(3) Wait 10 /is. Then apply 5 V to Vpp 

(4) Set the mode selection pins to program memory address clear mode. 

(5) Apply 6 V to Vdd and 12.5 V to Vpp. 

(6) Select program inhibit mode. 

(7) Write data in 1 ms write mode. 

(8) Select program inhibit mode. 

(9) Select verify mode. If the write operation is found successful, proceed to step (10). If the operation is found 
unsuccessful, repeat steps (7) to (9). 

(10) Perform additional write for (number of repetitions of steps (7) to (9) x 1 ms. 

(11) Select program inhibit mode. 

(12) Increment the program memory address by one on reception of four pulses on the OSCi pin. 

(13) Repeat steps (7) to (12) until the last address is reached. 

(14) Select program memory address clear mode. 

(15) Apply 5 V to the Vdd and Vpp pins. 

(16) Turn power off. 



The timing for steps (2) to (12) is shown below. 



Repeat X times 



Vpp 

Vdd 
GND 
Vdd +1 
Vdd 
GND 

OSCi 



Do to D? 



MDo 



Write • 



Verify 



- { Data input y ~ 



Additional 
write 



Address 
increment 



j — V 



_AAAA 



- fl Data input 

\_j — \ / — 9 — \ r~ 



-c 



MD 3 



J~ 
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10.3 READING PROGRAM MEMORY 



(1) Pull low the levels of all unused pins to GND by means of resistors. Bring OSC1 to low level. 

(2) Apply 5 V to Vdd and bring Vpp to low level. 

(3) Wait 10 /is. Then apply 5 V to Vpp 

(4) Set the mode selection pins to program memory address clear mode. 

(5) Apply 6 V to Vdd and 1 2.5 V to Vpp 

(6) Select program inhibit mode. 

(7) Select verify mode. Data is output sequentially one address at a time for each cycle of four clock pulses on 
the OSCi pin. 

(8) Select program inhibit mode. 

(9) Select program memory address clear mode. 

(10) Apply 5 V to the Vdd and Vpp pins. 

(11) Turn power off. 



The timing for steps (2) to (9) is shown below. 



Vpp 

Vpp 

Vdd 
GND 
Vdd +1 

Vdd 

Vdd r- 
GND -/ 



MDo 



MDa 



MD 3 



iVWWWWVV 



Do to Db ■ ^ Data output ^ Data output 



4 v. 
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11. ASSEMBLER RESERVED WORDS 

Table 1 1-1 lists the reserved words defined in the /xPD17P108 device file (AS17108). 



Table 11-1 Reserved Words 



Name 


Attribute 


Value 


Read/write 


Description 


POAO 


FLG 


0.70H.0 


Read/write 


Bit Oof port OA 


P0A1 


FLG 


0.70H.1 


Read/write 


Bit 1 of port OA 


P0A2 


FLG 


0.70H.2 


Read/write 


bit z ot port UA 


P0A3 


FLG 


0.70H.3 


Read/write 


Bit 3 of port OA 


POBO 


FLG 


0.71H.0 


Read/write 


Bit of port OB 


P0B1 


FLG 


0.71H.1 


Read/write 


Bit 1 of port OB 


P0B2 


FLG 


0.71H.2 


Read/write 


Bit 2 of port OB 


P0B3 


FLG 


0.71H.3 


Read/write 


Bit 3 of port OB 


POCO 


FLG 


0.72H.0 


Read/write 


Bit of port OC 


P0C1 


FLG 


0.72H.1 


ReaH/vA/ritp 


Bit 1 of Dort OC 


P0C2 


FLG 


0.72H.2 


Read/write 


Bit 2 of port OC 


P0C3 


FLG 


0.72H.3 


Read/write 


Bit 3 of port OC 


PODO 


FLG 


0.73H.0 


Read/write 


Bit of port OD 


P0D1 


FLG 


0.73H.1 


Read/write 


Bit 1 of port OD 


P0D2 


FLG 


0.73H.2 


Read/write 


Bit 2 of port OD 


P0D3 


FLG 


0.73H.3 


Read/write 


Bit 3 of port OD 


BCD 


FLG 


0.7EH.0 


Read/write 


BCD arithmetic flag 


PSW 


MEM 


0.7FH 


Read/write 


Program status word 


Z 


FLG 


0.7FH.1 


Read/write 


Zero flag 


CY 


FLG 


0.7FH.2 


Read/write 


Carry flag 


CMP 


FLG 


0.7FH.3 


Read/write 


Compare flag 
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12. INSTRUCTION SET 
12.1 INSTRUCTION SET LIST 








1 


BIN 


HEX 








ADD r, m 


ADD m, tti 


1 


1 


SUB r, m 


SUB m, #i 


10 


2 


ADDC r, m 


ADDC m, #i 


11 


3 


SUBC r, m 


SUBC m, #i 


10 


4 


AND r, m 


AND m, #i 


10 1 


5 


XOR r, m 


XOR m, #i 


110 


6 


OR r, m 


OR m, #i 


111 


7 


RET 
RETSK 

RORC r 
STOP s 
HALT h 
NOP 




10 


8 


LD r, m 


ST m, r 


1 1 


9 


SKE m, #i 


SKGE m, #i 


10 10 


A 






10 11 


B 


SKNE m, tti 


SKLT m, tti 


110 


C 


BR addr 


CALL addr 


110 1 


D 




MOV m, #i 


1110 


E 




SKT m, #n 


1111 


F 




SKF m, #n 
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12.2 INSTRUCTIONS 



Legend: 



RP 

PC 
SP 

STACK 



: One of data memory 

: Data memory address specified by [m H . m L ] of each bank 

: Data memory address high (row address) ; 3 bits 

: Data memory address low (column address) ; 4 bits 

: One of general register specified by [(RP), r] 

: General register address low (column address) ; 4 bits 

: General register pointer 

: Program counter 

: Stack pointer 

: Stack specified by (SP) 

: Immediate data ; 4 bits 



CY 
CMP 



[ ] 



Bit position : 4 bits 

One of program memory address ; 11 bits 

Program memory address high ; 3 bits 

Program memory address middle ; 4 bits 

Program memory address low ; 4 bits 

Carry flag 

Compare flag 

Stop release condition 

Halt release condition 

Address of M,R 

Contents of M,R 







Operand 


Function 


Operation 


Machine code 


>> 
H 


monic 


°od 


3 

bits 


4 

bits 


4 

bits 




ADD 


r, m 


Add memory to register 


R- (R) + (M) 


00000 


m H 


m L 


r 




m, #i 


Add immediate data to memory 


M- (M) + i 


10000 


m H 


m L 




< 


ADDC 


r,m 


Add memory to register with carry 


R- (R) + (M) + (CY) 


00010 


m H 


m L 


r 




m, #i 


Add immediate data to memory with carry 


R- (M) + i+ (CY) 


10010 


m H 


m L 


i 




SUB 


r,m 


Subtract memory from register 


R*- (R) - (M) 


00001 


m H 


m L 


r 




m, #i 


Subtract immediate data from memory 


M— (M) - i 


10001 


m„ 


m L 


i 


Subt 


SUBC 


r, m 


Subtract memory from register with borrow 


R- (R) - (M) - (CY) 


00011 


m H 


m L 


r 




m, #i 


Subtract immediate data from memory with borrow 


M«- (M) - i - (CY) 


10011 


m H 


m L 






SKE 


m, tti 


Skip if memory equal to immediate data 


M-i, skip if zero 


01001 


m H 


mL 




ipare 


SKGE 


m, #i 


Skip if memory greater than or equal to immediate data 


M — i, skip if not borrow 


11001 


m H 


m L 




Com 


SKLT 


m, #i 


Skip if memory less than immediate data 


M — i, skip if borrow 


11011 


m H 


m L 


i 




SKNE 


m, #i 


Skip if memory not equal to immediate data 


M — i, skip if not zero 


01011 


m H 


m L 






AND 


m, #i 


Logical AND of memory and immediate data 


M— (M) AND i 


10100 


m H 


m L 




c 
o 


r,m 


Logical AND of register and memory 


R- (R) AND (M) 


00100 


m H 


m L 


r 


a 

o 


OR 


m, #i 


Logical OR of memory and immediate data 


M— (M) OR i 


10110 


m H 


m L 






r,m 


Logical OR of register and memory 


R- (R) OR (M) 


00110 


m H 


m L 


r 


I 


XOR 


m, tti 


Logical XOR of memory and immediate data 


M<- (M) XOR i 


10101 


m„ 


m L 






r, m 


Logical XOR of register and memory 


R- (R) XOR (M) 


00101 


m H 


m L 


r 




LD 


r,m 


Load memory of register 


R- (M) 


01000 


m H 


m L 


r 


c 


ST 


m, r 


Store register to memory 


(M)«-R 


11000 


m H 


m L 


r 


H 


MOV 


m, ttj 


Move immediate data to memory 


M-i 


11101 


m H 


m L 


i 


t 


SKT 


m, itn 


Test memory bits, 

then skip if all bits specified are true 


CMP-0 

skip if M„ = all "1" 


11110 


m H 


m L 


n 




SKF 


m, #n 


Test memory bits, 

then skip if all bits specified are false 


CMP*-0 

skip if M n = all "0" 


11111 


m H 


m L 


n 
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Type | 


Mne- 
monic 


Operand 


Function 


Operation 


Machine code 


Op 
code 


3 

bits 


4 

bits 


4 

bits 


| Branch | 


BR 


addr 


Jump to the address 


PC^-ADDR 


01100 




a M 




| Shift 


RORC 


r 


Rotate register right with carry 


(CY)^(R)-+CY 


00111 


000 


0111 




[ Subroutine 


CALL 


addr 


Call subroutine 


SP— (SP)-l 
STACKS (PC) +1), 
PC<-ADDR 


11100 


a H 


a M 


a L 


RET 




Return to main routine from subroutine 


PO(STACK),SPHSP) + l 


00111 


000 


1110 


0000 


RETSK 




Return to main routine from subroutine, then skip 
unconditionary 


PO(STACK),SPHSP) + l 
and skip 


00111 


001 


1110 


0000 


!l 


STOP 


s 


Stop clock 


STOP 


00111 


010 


1111 


s 


HALT 


h 


Halt the CPU, restart by condition h 


HALT 


00111 


011 


1111 


h 




NOP 




No operation 


No Operation 


00111 


100 


1111 


0000 
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13. ELECTRICAL CHARACTERISTICS 



ABSOLUTE MAXIMUM RATINGS (T. = 25°C) 



Supply Voltage 
Supply Voltage 
Input Voltage 

Output Voltage 

High-Level 
output Current 

Low-Level 
output Current 

Operating 
Temperature 

Storage 
Temperature 

Power 

Consumption 



Vdd 
Vpp 
Vi 

Vo 

loH 
lOL 

Topt 

Tstg 
Pd 



POA, POC, POD 
POB 

POA, POC, POD 
POB 

Each of POA, POB, POC, POD 
Total of all pins 

Each of POA, POB, POC, POD 
Total of all pins 



T« = 85 °C 



22-pin shrink DIP 
24-pin SOP 



-0.3 to +7.0 

-0.3 to +13.5 

-0.3 to Vdd+0.3 
-0.3 to +11 

-0.3 to Vdd+0.3 
-0.3 to +11 

-5 
-15 

30 
100 

-40 to +85 

-65 to +150 

400 
250 



V 

V 

V 
V 

V 
V 

mA 
mA 

mA 
mA 



mW 



CAPACITY (T. = 25 T, Vdd = V) 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


Input Capacitance 


ClN 






15 


PF 


f=1MHz 

V for pins other than pins 
to be measured 


Input/Output 
Capacitance 


Cio 






15 


pF 
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DC CHARACTERISTICS (T. = -40 to +85 °C, Vdd = 2.5 to 6.0 V) 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


High-Level 
Input Voltage 


Vim 


0.7 Vdd 




Vdd 


V 


Other than the following pins 
and port 


VlH2 


0.8 Vdd 




Vdd 


V 


POB and RESET 


VlH3 


0.8 Vdd 




9 


V 


POB (*) 


VlH4 


Vdd-0.5 




Vdd 


V 


OSCi 


Low-Level 
Input Voltage 


VlL1 







0.3 Vdd 


V 


Other than the following pins 
and port 


VlL2 







0.2'Vdd 


V 


POB and RESET 


VlL3 







0.5 


V 


OSCi 


High-Level 
Output Voltage 
on POA, POC, 
and POD 


VOH 


Vdd - 2.0 






V 


Vdd = 4.5 to 6.0 V, 
Ioh = -2 mA 


Vdd -1.0 






V 


Ioh = -200 fuA 


Low-Level 
Output Voltage 
on POA, POB, 
POC, and POD 


Vol 






2.0 


V 


Vdd = 4.5 to 6.0 V, 
Iol = 15 mA 






0.5 


V 


Iol = 600 ^A 


High-Level Input 
Leakage Current 
on POA to POD 


lum 






5 


/iA 


Vin = Vdd 


ILIH2 






10 


»A 


Vin = 9 V (*) 


Low-Level Input 
Leakage Current 
on POA to POD 


Ilil 






-5 


AiA 


Vin = V 


High-Level Output 
Leakage Current 
on POA to POD 


Ilohi 






5 




Vout = Vdd 


ILOH2 






10 




Vout=9V (*) 


Low-Level Output 
Leakage Current 
on POA to POD 


Ilol 






-5 


A/A 


Vout=0 V 


Power Supply 
Current 


Iddi 




0.4 


1.2 


mA 


Opera- 
tion 
mode 


Vdd = 5V±10%, 
fee = 1.0 MHz ±20% 




50 


150 




Vdd = 3V±10% 
fee = 250 kHz ±20% 


lDD2 




0.3 


0.9 


mA 


HALT 
mode 


Vdd = 5V±10%, 
fee = 1.0 MHz ±20% 




40 


120 




Vdd=3V ±10% 
fee = 250 kHz ±20% 


lDD3 




0.1 


10 


AiA 


STOP 
mode 


Vdd= 5V±10% 




0.1 


5 


AiA 


Vdd = 3V ±10% 



• When N-ch open-drain input/output is selected 
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CHARACTERISTICS OF DATA MEMORY FOR HOLDING DATA ON LOW SUPPLY VOLTAGE IN THE STOP 
MODE(T. = -40to+85°C) 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


Data Hold Supply Voltage 


Vdddr 


2.0 




6.0 


V 




Data Hold Supply Current 


Idddr 




0.1 


5.0 


ma 


Vdddr = 2.0 V 


Release Signal Set Time 


tsREL 














AC CHARACTERISTICS (T. = -40 to +85 °C, Vdd = 2.5 to 6.0 V) 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


Internal Clock Cycle Time 


Tcy 


6.6 




160 




Vdd = 4.5 to 6.0 V 


26.6 




160 


V s 




High/Low Level Width on 
POBoandPOBi 


Tpbh 
Tpbl 


10 










High/Low Level Width on 
RESET 


Trsh 
Trsl 


10 











DC PROGRAMMING CHARACTERISTICS (T, = 25 °C, Vdd = 6.0 ±0.25 V, Vpp = 12.5 ±0.5 V) 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


Input Voltage High 


Vim 


0.7 Vdd 




Vdd 


V 


Except OSCi 


VlH2 


Vdd -0.5 




Vdd 


V 


OSCi 


Input Voltage Low 


VlLI 







0.3 Vdd 


V 


Except OSCi 


VlL2 







0.4 


V 


OSCi 


Input Leakage Current 


Ili 






10 


AiA 


Vin = Vil or Vih 


Output Voltage High 


VOH 


Vdd-1.0 






V 


Ioh = -1 mA 


Output Voltage Low 


Vol 






0.4 


V 


Iol = 1.6 mA 


Vdd Power Supply Current 


Idd 






30 


mA 




Vpp Power Supply Current 


Ipp 






30 


mA 


MDO = Vil, MD1 = Vih 



Notes 1. Vpp must be under +13.5 V including overshoot. 

2. Vdd must be applied before Vpp on and must be off after Vpp off. 
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AC PROGRAMMING CHARACTERISTICS (T. = 25 °C, Vdd = 6.0 ±0.25 V, Vpp = 12.5 ±0.5 V) 



CHARACTERISTICS 


SYMBOL 


CD 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


Address Set Up Time to MDOi <"» 


Us 


tAS 


2 






V s 




MD1 Setup Time to MDOi 


twis 


toES 


2 






/IS 




Data Setup Time to MDOi 


tos 


tos 


2 






A». 




Address Hold Time to MDOT <•» 


tAH 


tAH 


2 






/is 




Data Hold Time to M DOT 


tDH 


tDH 


2 










Data Output Float Delay Time 
from MD0t-» 


tDF 


tDF 






loU 


ns 




Vpp Setup Time to MD3t 


tvP8 


tvps 


2 






ftS 




Vdd Setup Time to MD3T 


tvos 


tvcs 


2 






fiS 




Initial Program Pulse Width 


tPW 


tPW 


0.95 


1.0 


1.05 


ms 




Additional Program Pulse Width 


topw 


topw 


0.95 




21.0 


ms 




MDO Setup Time to MD1T 


tMOS 


tcES 


2 






J*S 




Data Output Delay Time 
from MD0i-» 










1 


fJS 




MD1 Hold Time to MDOt 


tM1H 


toEH 


2 






its 


MDO = MD1 = Vil 


MD1 Recovery Time to MDOi 


tlW1R 


toR 


2 








Program Counter Reset Time 


tPCR 




10 






fJS 


tM1H = tMIR > 50 /IS 


OSCi Input High, 
Low Level Range 


txH, 
txL 




42 






fJS 




OSCi Input Frequency 


fosc 








1.2 


MHz 




Initial Mode Set Time 


t 


- 


2 






flS 




MD3 Setup Time to MD1T 


tM3S 




2 






US 




MD3 Hold Time to MDU 


tM3H 




2 






JJS 




MD3 Setup Time to MDOi 


tM3SR 




2 






Lis 


Read program 
memory 


Data Output Delay Time From 
Address 


tDAD 




2 






jUS 


Read program 
memory 


Data Output Hold Time From 
Address <•» 


tHAD 


tACC 


o 




130 


ns 


Read program 
memory 


MD3 Hold TimetoMDOt 


tM3HR 


toH 


2 








Read program 
memory 


Data Output float Delay Time From 
MD3i-> 


tDFR 




2 






fJS 


Read program 
memory 


Reset Setup Time 


tRES 




10 











•1 Symbols for corresponding /tPD27C256. 

*2 Internal address signal is incremented by one at the falling edge of the third OSCi input, and it is not connected to the pin. 
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Write program memory timing 



3 



J 



— ^ Data input ^ 1 output t \\ ^ Data inpuTV — 

-*4tos|- — H r« H I"* -I h«— \ i _ -H""T— to 

t0H tw tOF ~ MlDS 

/ — C" - * 



IXH 



— (Data input) ^}- 



t 
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^PD17134A, HPD17136A 



The U.PD17134A and ^PD17136A are 4-bit single-chip microcontrollers containing four channels of 8-bit A/D 
converters, two channels of 8-bit timers, an AC zerocross detector, a power-on reset circuit, and a serial interface in 
one chip. 

For the CPU, the 17K architecture is used. This enables accumulator direct data memory manipulation, facilitat- 
ing effective programming. Every instruction is one word long, consisting of 16 bits. 

Since the U.PD17134A and U.PD17136A have the on-chip A/D converters and AC zerocross detector, they can 
provide economical electronic control in appliances. 

For the evaluation of the jxPD 17134A and U.PD17136A or small production, the U.PD17P136A, in which a program 
can be written once, is provided. 

FEATURES 

• Program memory (ROM) 
HPD17134A: 2 K bytes (1024 x 16 bits) 
U.PD17136A: 4 K bytes (2048 x 16 bits) 

• Data memory (RAM): 1 12 words (1 12 x 4 bits) 

• 35 easy-to-understand instructions 

• Instruction execution time: 8 fis (at 2 MHz) with Resistance, when Vqd = 5 V 

• Stack level: 5 levels (interrupt: 3 levels) 

• Vectored interrupt function. ■ 

5 interrupt sources (INT pin, timer 1, timer 0, basic interval timer, and serial interface) 

• 8-bit A/D converter: 4 channels 

Absolute accuracy 

±1.5 LSB or higher (on 5 V ±10 %) 

• AC zerocross detector: 1 input (also used as INT pin) 

• 8-bit timer: 2 channels 

Timer count clock (fosc/16, f sc/64, f sc/ 256 < INT P in in Put) 

Timer 1 count clock (f sc/256, fo.sc/512, fosc/2048, incrementing timer 0) 

• 8-bit basic interval timer: 1 channel. Can be used as watchdog timer 

Basic interval timer count clock (INT pin input, incrementing timer 0, fosc/ 409 6\ fosc/ 8192 ) 

• 3-wire serial interface: 1 channel 

• On-chip power-on reset circuit 

• I/O pin: 21 pins 

• Standby function (HALT/STOP) provided 

• Operating temperature: —40 to +85 C 

• Operating voltage: 2.7 to 6.0 V 

• CMOS low power consumption 
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PIN CONNECTION FOR THE |iPD171 34A AND |iPD17136A (Top View) 



Vadc 
POC3/ADC3 
POC2/ADC2 
POC-I/ADC1 

POC0/ADC0 
POB3 
P0B 2 
POBt 
POB 
POA3 
POA2 
P0A-\ 
POAq O 



o_[7 

o— - JT 

o— — |T 
o— 

°— E 

o — [77 



CMOS push-pull 



N-ch open-drain 
(Pull-up resistor mask 
option provided) 



CMOS push-pull 
(Pull-up by software) 



N-ch open-drain 
(Pull-up resistor mask 
option provided) 



CMOS 
push-pull 
(Pull-up by 



(Pull-up resistc 
mask option 
provided) 



"28^ — o 
zt| - O 

3 — ° 



TTJ- — o 



V D D 

OSC1 

OSC 
PODq/SCK 
POD 1 /SO 
P0D 2 /SI 



POD3/TMOOUT 

P1 A 

P1At 

P1A 2 

PIA3 

P1B 

RESET 



28-pin shrink DIP 
28-pin SOP 
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BLOCK DIAGRAM OF THE |iPD1 71 34A AND ^PD1 71 36A 



POAqO- 



P0A3O 
pobqo 



P0B 3 O- 



POCt/ADCt o 
POC2/ADC2 o 
POC3/ADC3 O- 



PODi/SOO- 
P0D 2 /SI O 
POD3/TMOOUT 0"f- 




MICROCONTROLLER FAMILY FOR SMALL WHITE GOODS APPLIANCES 



Item 


jiPD17134A 


jiPD17136A 


HPD17135A 


HPD17137A 


Remarks 


ROM size 


1024 x 16 bits 


2048 x 16 bits 


1024 x 16 bits 


2048 x 16 bits 




RAM size 


112 x 4 bits 


112x4 bits 


112x4 bits 


112 x 4 bits 




Number of I/O 
port lines 


21 lines 


Including 8 N-ch open- 
drain lines 


Analog input 


4 channels 


Also used as port pins 


Timer 


3 timers 




Serial interface 


1 channel 


Also used as port pin 


Stack 


5 levels 




Power-on reset 


Provided 




System clock 


RC source 


Ceramic/crystal source 




Standby function 


Provided 


STOP/HALT 


Power supply 


2.7 to 6.0 V 


5 V ±10 % for A/D 


Package 


28-pin shrink DIP 
28-pin SOP 




PROM version 


HPD17P136A 


HPD17P137A 
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HPD17P136A 



4-BIT SINGLE-CHIP MICROCONTROLLER 

The H.PD17P136A has been developed by replacing the on-chip ROM of jiPD17136A, which is a mask ROM, with a one- 
time PROM, which is writable only once. It is convenient for evaluating or producing in small quantities the jxPD17134A, 
^PD17136A. 

The H-PD17P136A is a 4-bit single-chip microcontroller with on-chip 8-bit A/D converter (4-channel), 8-bit timer (2- 
channel), AC zero cross detector, power on resetter and serial interface. 

Very efficient programming is possible through the use of the 17K architecture, which allows the accumulator direct data 
memory to be operated, being adopted in the CPU. Every instruction is composed of 1 word of 16-bit lenght. 

FEATURES 

• Program memory (OTP): 4K bytes (2048 x 16 bits) 

• Data memory (RAM): 1 1 2 words (112x4 bits) 

• Instruction execution time: 8 fis (2 MHz) R resonator, if V DD = 5 V used 

• Stack level: 5 levels (interrupt: 3 levels) 

• Vectored interrupt function: 

5 types of causes of interrupt (INT pin, timer 1, timer 0, basic interval timer, and serial interface) 

• 8-bit A/D converter: 4 channels, absolute precision ± 1.5 LSB max. (5 V ±10 %) 

• AC zero cross detector: 1 input (dual function with INT pin) 

• 8-bit timer: 2 channels 

• 8-bit basic interval timer: 1 channel, available as watchdog timer 

• 3-wire serial interface: 1 channel 

• On-chip power on resetter 

• Input/output pin: 21 pins 

• Standby function available (HALT/STOP) 

• Operating supply voltage: 2.7 to 5.5 V 
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^iPD17P136A PIN CONFIGURATION (Top View) 



V ADC 
POC3/ADC3/MD3 
P0C 2 /ADC 2 /MD 2 
POCt/ADCt/MDt 
POC /ADC /MD 
POB3/D7 
P0B 2 /D 6 
POB-| /D5 
P0B /D 4 
POA3/D3 
P0A 2 /D 2 
POAt/Dt 
POA /D 
GND 



a— {7 

a— {F 

o— {F 
a— [7 

o-M»jjT 

0«-|l3 

o— JT^ 



CMOS Push-Pull 



CMOS Push-Pull 
(Pull-Up 

Possible by 

Program) 



CMOS Push-Pull 
. (Pull-Up 
Possible by 
Program) 



28)— O V DD 
27) — O OSC 

2j| O OSCt/CLK 

2^—0 PODq/SCK 
24)-— O POD 1 /SO 
23|— -O P0D 2 /SI 
^ 22J— O POD3/TMOOUT 
2l]-*-0 P1Aq 
20|-»*O P1Ai 

io|-*o P1A 2 
iiJ-«-o P1A3 

TtJ—O P1Bo/Vpp 
wji*-0 RESET 
V^~-0 INT 



(XPD17P136A BLOCK DIAGRAM 



28-pin plastic shrink DIP 
28-pin plastic SOP 



POA /D O* 
POAt/D-i O-* 
POA2/D2 O-* 
POA3/D3 O* 

P0B /D 4 0» 
P0B!/D5 O* 
POB2/D6 O* 
POB3/D7 O* 

POC /ADC /MD °— 
POC^ADCt/MD! O— 
POC2/ADC2/MD2 <>• 
POC3/ADC3/MD3 o» 



POD /SCK a* 
POD 1 /SO CH« 
P0D 2 /SI O- 



POD3/T 



I POWER ON I 
RESET | 



L* 8-bit 
»■ ADC 



INTC 



RF 



RAM 
112x4 bit 
| SYSTEM REG. 



One Time 
PROM 
2048 x 16 bit 



ogram Coun 

21 



System Clock 
Generator 



, 1 r 

i CPU CLK CLK STOP 



ft 



Interrupt 
" M Controller 

w 



— TMoj 

— TM1 H 
♦-BTM 

— SIO 



INTC 

jL- 



Instruction 
— / Decorder 



-/ 



3 



CLK 



b OSCt/CLK 
o OSCq 



INT 



-*-0 P1Aq 



~0 P1A2 
♦O PIA3 



— o P1Bo/Vpp 



1 
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MICROCONTROLLER FAMILY FOR SMALL WHITE GOOD'S APPLIANCES 



Item 


liPD17134A 


liPD17136A 


liPD17135A 


liPD17137A 


Remarks 


ROM capacity 


1024x 16 bits 


2048 x 16 bits 


1024 x 16 bits 


2048 x 16 bits 




RAM capacity 


112x4 bits 


112x4 bits 


112 x 4 bits 


112 x 4 bits 




Number of input/ 
output ports 


21 pins 


including o ixicn 
open-drain 
input/output ports 


Analog input 


4 channels 


Dual function with 
port pin 


Timer 


3 systems 




Serial interface 


1 channel 


Dual function with 
port pin 


Stack 


5 levels 




Power on reset 


Available 




System clock 


RC resonator 


Ceramic/crystal resonator 




Standby function 


Available 


STOP/HALT 


Input power 


2.7 to 5.5 V 


5 V ±10 % if A/D 
used 


Package 


28-pin shrink DIP 
28-pin SOP 




PROM product 


liPD17P136A 


llPD17P137A 
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IXPD17135A, HPD17137A 



4-BIT SINGLE-CHIP MICROCONTROLLER 

The nPD1 71 35A and ^PD1 71 37A are 4-bit single-chip microcontrollers containing four channels of 8-bit A/D converters, 
two channels of 8-bit timers, an AC zerocross detector, a power-on reset circuit, and a serial interface in one chip. 

For the CPU, the 1 7K architecture is used. This enables accumulator direct data memory manipulation, facilitating effective 
programming. Every instruction is one word long, consisting of 16 bits. 

Since the nPD17135A and nPD17137A have the on-chip A/D converters and AC zerocross detector, they can provide 
economical electronic control in appliances. 

For the evaluation of the ^PD1 71 35A and nPD1 71 37A or small production, the nPD1 7P1 37A, in which a program can be 
written once, is provided. 

FEATURES 

• Program memory (ROM) 
HPD17135A: 2 K bytes (1024 x 16 bits) 
HPD17137A: 4 K bytes (2048 x 16 bits) 

• Data memory (RAM): 1 1 2 words (112x4 bits) 

• 35 easy-to-understand instructions 

• Instruction execution time: 2 us (at 8 MHz) with ceramic/crystal source when V DD = 5 V) 

• Stack level: 5 levels (interrupt: 3 levels) 

• Vectored interrupt function: 

5 interrupt sources (INT pin, timer 1, timer 0, basic interval timer, and serial interface) 

• 8-bit A/D converter: 4 channels 

Absolute accuracy 

± 1 .5 LSB or higher (on 5 V ±1 %) 

• AC zerocross detector: 1 input (also used as INT pin) 

• 8-bit timer: 2 channels 

Timer count clock (f/16, f/64, V256, INT pin input) 

Timer 1 count clock (f x /256, f x /512, f x /2048, incrementing timer 0) 

• 8-bit basic interval timer: 1 channel. Can be used as wathcdog timer. 
Basic interval timer count clock 

(INT pin input, incrementing timer 0, f x /4096, ^81 92) 

• 3-wire serial interface: 1 channel 

• On-chip power-on reset circuit 

• I/O pin: 21 pins 

• Standby function (HALT/STOP) provided 

• Operating temperature: -40 to +85 °C 

• Operating voltage: 2.7 to 6.0 V 

• CMOS low power consumption 
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PIN CONFIGURATION FOR THE M.PD17135A AND |xPD171 37A (Top View) 



vadc 
POC3/ADC3 

P0C 2 /ADC 2 
POCt/ADCi 
POCq/ADCq 
PO83 
P0B 2 
POBt 
POBq 
POA3 
P0A 2 
POA-i 
POA 
GND 



0-— *|T 

o — |T7 



CMOS push-pull 



N-ch open-drain 
(Pull-up resistor mask 
option provided) 



CMOS push-pull 
(Pull-up by software) 



CMOS 
push-pull 
(Pull-up 
by soft- 
ware) 



N-ch open-drain 
(Pull-up resistor mask 
option provided) 



(Pull-up resistor 
mask option 
provided) 

(Pull-up resistor 
mask option 
provided) 



2?J — o 

3 

25J— 



vdd 

X|N 

x OUT 
PODq/SCK 
PODt/SO 
P0D 2 /SI 



3- 



O POD3/TMOOUT 

P1A0 
P1A1 

P1A 2 
PIA3 
P1B 
RESET 



28-pin shrink DIP 
28-pin SOP 
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BLOCK DIAGRAM OF 



v D d o- 



POAq O 
POAt o 
POA2 o 
POA3 o 



P0B O 
POBt o 
P0B 2 o 
POB3 o 



poc /adc o- 

POCi/ADCt o- 

poc 2 /adc 2 o 

POC3/ADC3 o 



PODq/SCK o 
POD t /SO O 
P0D 2 /S1 o 
POD3/TMOOUT o 



GND O 



MICROCONTROLLER FAMILY FOR SMALL WHITE GOODS APPLIANCES 



Item 


HPD17134A 


HPD17136A 


HPD17135A 


HPD17137A 


Remarks 


ROM size 
RAM size 


1024 x 16 bits 
112x4 bits 


2048 x 16 bits 
112 x 4 bits 


1024 x 16 bits 
112x4 bits 


2048 x 16 bits 
112 x 4 bits 




Number of I/O 
port lines 


21 lines 


Including 8 N-ch open- 
drain lines 


Analog input 


4 channels 


Also used as port pins 


Timer 


3 timers 




Serial interface 


1 channel 


Also used as port pin 


Stack 


5 levels 




Power-on reset 


Provided 




System clock 


RC source 


Ceramic/crystal source 




Standby function 


Provided 


STOP/HALT 


Power supply 


2.7 to 6.0 V 


5 V ±10 % for A/D 


Package 


28-pin shrink DIP 
28-pin SOP 




PROM version 


HPD17P136A 


HPD17P137A 





NEC 



n a jj.ru 1 / 1 oum /aim u/ yir lj 11 1 oin 



8-bit M 
ADC W 



CO 



Serial /M 
I/O ^ 



System Clock 
Generator 



1 r 

CPU CLK CLK STOP 



-O X| N 
-O X UT 



M RAM 
^ 112x4 bits 



SYSTEM REG. 



jl Basic 


Interval Timer 


INTC 


Jl 


Timer 1 


INTC 


1 


* 1 


H 


Timer | 



ROM 

J1PD17135A 
1024 x 16 bits 

(1PD17137A 
2048 x 16 bits 



2Z 



Instruction 
Decorder 



Stack 5x11 bits 



►OP1AQ 
-O P1Ai 
-O PIA2 
-OPIA3 



-O P1B 



2-425 



NEC 



NEC 



HPD17P137A 



4-BIT SINGLE-CHIP MICROCONTROLLER 

The H-PD17P137A is a one-time PROM version of the H.PD17137A, whose internal mask ROM is replaced with a one-time 
PROM, and is therefore suitable for evaluation of the H.PD17135A, and nPD17137A or for small-scale production. 

The H.PD17P137A is a 4-bit single-chip microcontroller containing four channels of 8-bit A/D converters, two channels of 
8-bit timers, an AC zerocross detector, a power-on reset circuit and a serial interface in one chip. 

For the CPU, the 17K architecture is used.This enables accumulator direct data memory manipulation, facilitating effective 
programming. Every instruction is one word long, consisting of 16 bits. 

FEATURES 

• Program memory (OTP): 4K bytes (2048 x 16 bits) 

• Data memory (RAM): 1 1 2 words (112x4 bits) 

• Instruction execution time: 2 ^is (at 8 MHz) with ceramic or crystal source, when V DD = 5 V used 

• Stack level: 5 levels (interrupt: 3 levels) 

• Vectored interrupt function: 5 interrupt sources 

• 8-bit A/D converter: 4 channels absolute accuracy ± 1 .5 LSB or higher (on 5 V ±1 %) 

• AC zerocross detector: 1 input (also used as INT pin) 

• 8-bit timer: 2 channels 

• 8-bit basic interval timer: 1 channel. Can be used as watchdog timer. 

• 3-wire serial interface: 1 channel 

• On-chip power-on reset circuit 

• Input/output pin: 21 pins 

• Standby function (HALT/STOP) provided 

• Operating voltage: 2.7 to 5.5 V 
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PIN CONNECTION jiPD17P137A (Top View) 



v ADC o—(7 
POC3/ADC3/MD3 o-m^T 

P0C 2 /ADC 2 /MD2 o**[? 
POCi/ADCi/MDt O^JjT 
POC /ADC /MD 0»*{F 

POB3/D7 o—{F 
pob 2 /D6 o—{7 

POB1/D5 o«-[? 
POB0/D4 0**[9] 
POA3/D3 O«-(l0 
POA2/D2 0»*jTl 
POA1/D1 (12 
POAq/Dq O— |l3 
GND O (m 



CMOS push-pull 



CMOS push-pull V 
(pull-up by software) 



N-ch open-drair 



CMOS push-pull 
(Pull-up by 
software) 



28| O 

27] O 

26j O 

24|-«-0 

22}-«K) 
2l}*-0 
20|-«-O 
iljj—O 

ii]~»o 

TsJ— — o 
T5}— o 



V D D 

XOUT 

X| N /CLK 

PODq/SCK 

POD 1 /SO 

P0D 2 /SI 



POD3/TMOOUT 

P1A 

P1At 

P1A 2 

PIA3 

P1B /Vpp 

RESET 

INT 



28-pin plastic shrink DIP 
28-pin plastic SOP 



M-PD17P137A BLOCK DIAGRAM 



POA-i/Dt O* 
POA2/D2 O* 



POB1/D5 O* 
POB2/D6 O* 



POC /ADC /MD 
POC-i/ADCt/MD-i o-- 
POC 2 /ADC 2 /MD 2 o* 
POC3/ADC3/MD3 O— 



PODq/SCK O* 
POD 1 /SO O* 



^ jPOWER ONj 



tR 5 

£ 8-bit ^ 
L - ' ADC VV 



Serial 
I/O W 



W 112x4 bit 



JSYSTEM REG. 



One-Time 
PROM 
2048 x 16 bit 



Program Counter I 



1 r" vvv — i 

System Clock _ f — U— 
Generator \__J-i 

TZ — — r 



nterrupt 
Controller 



BTM 
*-SIO 



Basic Interval Timer 



<3 



NTC 
i 



Q i* 1 Timer 0~ 



•*> P1A 
•O P1Ai 
•O P1A 2 
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MICROCONTROLLER FAMILY FOR SMALL WHITE GOODS APPLIANCES 



Item 


^iPD17134A 


liPD17136A 


HPD17135A 


jiPD17137A 


Remarks 


ROM size 


1024 x 16 bits 


2048 x 16 bits 


1024x 16 bits 


2048 x 16 bits 




RAM size 


112x4 bits 


112x4 bits 


112x4 bits 


112x4 bits 




Number of input/ 
output port lines 


21 lines 


Including 8 N-ch 
open-drain lines 


Analog input 


4 channels 


Also used as port pins 


Timer 


3 timers 




Serial interface 


1 channel 


Also used as port pin 


Stack 


5 levels 




Power-on reset 


Provided 




System clock 


RC source 


Ceramic/crystal source 




Standby function 


Provided 


STOP/HALT 


Power supply 


2.7 to 5.5 V 


5 V ±10% for A/D 


Package 


28-pin shrink DIP 
28-pin SOP 




PROM version 


liPD17P136A 


liPD17P137A 
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HPD17201A 



4-BIT SINGLE-CHIP MICROCONTROLLER 
WITH A/D CONVERTER AND 
LCD CONTROLLER/DRIVER FOR INFRARED REMOTE CONTROLLER 



The ^iPD1 7201 A is a 4-bit single-chip microcontroller integrating an LCD controller/driver, A/D converter, and an infrared 
remote controller carrier generator circuit on a single chip. 

This microcontroller employs the 1 7K architecture and can execute transfer and arithmetic operations with a single 16- 
bit instruction between data memory addresses, and between the data memory and a peripheral circuit. 

IJ.PD17201A is housed in an 80-pin plastic QFP. 



FEATURES 

• 17K architecture 

• Program memory (ROM): 6K bytes (3072 x 16 bits) 

• Data memory (RAM): 336 words (336 x 4 bits) 

• Internal infrared remote controller carrier generator 

• 4 channel 8-bit A/D converter 

• Internal LCD controller/driver (can display up to 136 segments) 

Common pins: 4, segment pins: 34 (two of the common pins can also be used a segment pins) 

Internal LCD drive constant rising-voltage circuit: LCD drive voltage can be arbitrarily set at 2.4 to 5.4 V by 

external resistor 

• I/O ports: 19 

• Three-line serial interface 

• Stack levels: 5 (3 interrupt levels) 

• 8-bit timer: 1 channel 

• Watch timer: 1 channel 

• Instruction execution time: 4 (is (with 4 MHz ceramic/crystal oscillator) 

• Standby function (STOP, HALT): Watch display with 32,768 kHz crystal oscillator inSTOP mode 

• Operating voltage range: 2.2 to 5.5 V 



APPLICATIONS 

Infrared remote controllers for air conditioners, and remote controllers with LCD 



ORDERING INFORMATION 



Order Code 



Package 



Quality Grade 



HPD1 7201 AGF-xxx-3B9 



80-pin plastic QFP 



Standard 
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1. PIN CONFIGURATION (Top View) 
1.1 PIN CONFIGURATION (Top View 




O 



CMOS output 



N-ch open-drain output 



CMOS output 




(J o u u o 



< Q Q Q Q < 
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2-432 



SEC 



HPD17201A 



1.2 PIN FUNCTION LIST 



PIN 
No. 


SYMBOL 


I/O 


OUTPUT 
TYPE 


PIN NAME 


FUNCTION 












Segment signal output pins for the LCD driver. LCD35/ 












CM2 and LCD34/COM3 serve as segment signal output 












and common signal output pins. The function for these 












pins. The function for these pins is selected by 












LCDMD3 through LCDMDO (address 32H, bit 3-0) in 












the register file. 












Display dots can number 72, 105, or 136, depending on 












the matrix for the segment signal output and common 












signal output pins. The bias is fixed to 1 /3, and the duty 


78 


LCD 35 /COM 2 








factor is 1 12, 1 /3, or 1 /4, depending on the selected 


79 


LCD34/COM3 








number of common pins. The frame frequency can be 


80 


LCD33 


Output 




LCD segment 


selected by LCDCK2 through LCDCKO registers (address 


81 


LCD32 




signal 


31 H) in the register file. The dot with a segment signal 


32 


LCD-i 








output pin and common signal output, between which 


34 


LCD 








a ± Vqq potential difference is generated, lights. 
The display data for the LCD driver is set through the 
LCD display register (addresses 40H through 63 H in 
BANKO). 

The display ON and OFF modes for the LCD driver 
are set by the LCDEN register (address 31 H, bit 3) in 
the register file. 

In the display OFF mode, the segment signal output 
pin outputs a signal waveform, because the display goes 
off. When MPD17201 A is reset by the RESET signal, 
low voltage detection by the voltage detector, or watch- 
dog timer, the LCDEN register is set in the display OFF 


33 


GND 


- 


- 


Ground 


Device ground pin 


35 


VADC 






Analog power 


A/D converter power pin. 
Connect this pin to the Vqd P' n - 












Input pins for the 8-bit A/D converter. 












The A/D converter can also be used as a comparator. 












when so specified by VREFEN, ADCEN, ADCCH1 and 












ADCCHO (address 21 H) in the register file. 


36 


ADCq 


Input 




A/D converter 
input 


The A/D converter has a successive approximate type 
and its reference voltage is generated by dividing the 


37 


ADC1 


Input 




A/D converter 
input 1 


voltage on the analog power pin (Vadc) with a resistor 
string. 


38 


ADC 2 


Input 




A/D converter 
input 2 


A total of six A/D converter channels, ADCo through 
ADC3 pins, are available. Two comparator channels, 


39 


ADC3 


Input 




A/D converter 
input 3 


with one consisting of ADCo and ADC2 pins and the 
other consisting of ADC-j and ADC3, are available. 
The A/D converter or comparator function and the 
channel to be used are selected by VREFEN, ADCEN, 
ADCCH1, and ADCCHO (address 21 H) in the register 
file. 


40 


gndadc 






Analog ground 


A/D converter ground pin 
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PIN. 
NO. 


SYMBOL 


I/O 


OUTPUT 
TYPE 


PIN NAME 


FUNCTION 












External interrupt request signal input pin. 












The interrupt request is issued at the rising edge of the 












signal input to this pin. 












The interrupt is not accepted, even when the interrupt 












request is issued, unless the interrupt is enabled (mask- 












able interrupt). All the interrupts can be enabled by the 












El instruction, or only the INT pin can be enabled by 


41 


INT 


Input 




Interrupt 


IP (address 2FH) in the register file. When the interrupt 
request is issued, while the interrupt is enabled, the inter- 
rupt is accepted, and the program execution branches 
to address 03 H. 

The interrupt request issuance can be checked by IRQ 
(address 3FH) in the register file, even when the inter- 
rupt is not enabled. 

All the interrupts are disabled and interrupt requests 
are cleared, when juPD1 7201 A is reset by the RESET 
pin or watchdog timer. 












These pins constitute a 4-bit I/O port, which can be 












set in input or output mode in 4 bits units (group I/O). 












The input mode is specified by POAGIO (address 37H, 


42 


POAo 








bit 0) in the register file. The input data is read and 


43 
44 


P0A-| 
P0A 2 


I/O 


CMOS 
push-pull 


Port OA 


output data is set through port register POA (address 
70H in BANKO). 


45 


P0A 3 








POAo through POA3 are internally connected with a 
pull-up resistor. When mPD17201 A is reset by the 
RESET signal or watchdog timer, these pins are set in 
the input mode. 












These pins constitute a 4-bit I/O port, which can be set 












in input or output mode in 4 bits units (group I/O). 












The input mode is specified by POBGIO (address 37H, 


46 


P0B 








bit 1 ) in the register file. The input data is read and 


47 


POB1 


I/O 


N-ch 


Port OB 


output data is set through port register POB (address 


48 


POB2 


open-drain 


71 H in BANKO). 


49 


POB3 








Since these pins are N-ch opendrain, they must be 
connected to an external pull-up resistor. When 
juPD1 7201 A is reset by the RESET signal or watchdog 
timer, these pins are set in the input mode. 












These pins constitute a 4-bit I/O port, which can be 












set in input or output mode in 4 bit units (group I/O). 












The input mode is specified by POCGIO (address 37 H, 


50 


POCq 








bit 2) in the register file. The input data is read and 


51 
52 


POC1 
POC2 


I/O 


N-ch 
open-drain 


Port 0C 


output data is set through port register POC (address 
72H in BANKO). 


53 


POC3 








Since these pins are N-ch opendrain, they must be 
connected to an external pull-up resistor. When 
MPD17201 A is reset by the RESET signal or watchdog 
timer, these pins are set in the input mode. 
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PIN 
NO. 


SYMBOL 


I/O 


OUTPUT 
TYPE 


PIN NAME 


FUNCTION 


54 

55 
56 


PODq/LED 

PODt/TMOUT 

POD2 


I/O 


CMOS11 
push-pull 


Port OD 


PODo/LED is a 4-bit I/O port pin and LED output pin. 
POD1/TMOUT is a 4-bit I/O port pin and an external 
signal output pin for the timer. 

Whether these pins function as port pins or LEO output 
and timer output pins is specified by NRZEN (bit 2 in 
address 23H) and TMOE (bit 1 in address 23H). Whan 
/uPD1 7201 A is reset by the RESET signal or watchdog 
timer, these pins are set in the input mode. 

(1) As I/O port pin 

These pins can be set in input or output mode bitwise 
(bit I/O) by P0DBIO3 through P0DBIO0 (address 27H, 
bits 3 through 0). The input data is read and output 
data is set through port register POD (address 73 H in 
BANKO). 

(2) PODo as LED output pin 

Whether PODo pin functions as LED output pin or I/O 
port pin is specified by NRZEN. As an LED output 
pin, this pin outputs an NRZ signal in synchronization 
with REM output. 

(3) POD1 as timer output pin 

Whether this pin functions as the external signal output 
pin for the 8-bit timer or I/O port pin is specified by 
TMOE). 


58 
59 
60 


PIAq/SCK 

P1A n /SO 

P1A 2 /SI 


I/O 


CMOS 
push-pull 


Port 1A 


These pins constitute a 3-bit general-purpose I/O port, 
which also functions as a serial interface. Whether these 
pins function as an I/O port or serial interface is speci- 
fied by SIOEN (address 23H, bit 0) in the register file: 
When juPD17201 A is reset by the RESET signal or watch- 
dog timer, these pins are set in the input mode. 

(1) As 3-bit I/O port 

Th6 I/O port csn b© S6t in the input or output rnodo in 
3 bit units (group I/O) by P1 AGIO (address 37H, bit 3) 
in the register file. 

The input data is read or output data is set through port 
register P1 A (address 70H in BANK1). 

(2) As serial interface 

The serial interface function (/uCOM standard mode) is 
selected by SIOEN. 


61 


REM 


Output 


CMOS 
push-pull 


Remote controller 
transfer output 


Infrared remote controller signal output pin. The carrier 
frequency can be set for from to 16 to 1024 kHz. 


62 


V DD 






Power supply 


Device power supply pin 


63 
64 


X|N 
*OUT 


Input 
Output 




Main clock 
oscillator 


Connect a 4 MHz ceramic/crystal oscillator between 
these pins. 


65 


RESET 


Input 




Reset 


Inputs the system reset signal. MPD17021 A is reset, 
when a low-level signal is input to this pin for 50 us or 
longer. 


66 


VREG 


Output 




Voltage 
regulator output 


Voltage regulator output pin. Connect an external 0.1 
/jF capacitor to this pin. 


67 


WDOUT 


Output 




Watchdog output 


Detects program overrunning, such as for watchdog 
timer and stack overflow 
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PIN 
NO. 


SYMBOL 


I/O 


OUTPUT 
TYPE 


PIN NAME 


FUNCTION 


68 
74 


XT| N 
XTOUT 


Input 
Output 




Subclock 
oscillator 


Connect a 32 kHz crystal oscillator between these 
pins. 


71 


Vlcdc 


Output 




LCD drive 
reference voltage 
adjuster 


This pin adjusts the LCD drive reference voltage. 
Connect a resistor between Vi_CD0 ant * V LCDC» an d 
between V|_CDC and G ND to adjust the reference 
voltage. 


70 
72 
73 


Vlcdo 

VLCD1 
V|_CD2 


Output 




LCD drive 
reference voltage 
output 


LCD drive reference voltage output pins. VlcdO out * 
puts the reference voltage. VlcdCI outputs a voltage 
two times the reference voltage (doubler), while 
V|_CDC2 outputs a voltage three times the reference 
voltage (tripler). Connect a resistor to adjust the refer- 
ence voltage between V|_cdo anQ< V LCDC and between 
V|_CDC and GND. Connect a 0.47 tiF capacitor between 
each pin and GND. 


74 
75 


CAPH 
CAPL 






Voltage-raising 
capacitor 


Connect a voltage-raising capacitor between these pins. 
Connect a 0.47 nF capacitor between these pins. 


76 
77 


COMq 
COM! 


Output 




Common signal 


Common signal output pins for the LCD driver. In 
addition to these pins, LCD35/COM2 and LCD34/COM3 
pins can also be used as common signal output pins. 
The function of these pins is selected by LCDMDO and 
LCDMD1 registers (address 32H) in the register file. 
The display dots can number 72, 105, or 136, depending 
on the matrix of the segment signal output and common 
signal output pins. The bias is fixed to 1/3, and the 
duty factor is 1/2, 1/3, or 1/4, depending on the selected 
number of common pins. 

The frame frequency can be selected by LCDCKO and 
LCDCK1 registers (address 31 H) in the register file. 
The dot with a segment signal output pin and common 
signal output, between which a ±Vqq potential differ- 
ence is generated, lights. The display ON and OFF 
modes for the LCD driver are set by the LCDEN register 
(address 31 H) in the register file. 
In the display OFF mode, the segment signal output 
pin outputs a signal waveform, because the display goes 
off. When MPD17201 A is reset by the RESET signal, 
low voltage detection by the voltage detector, or watch- 
dog timer, the LCDEN register is set in the display OFF 
mode. 
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1.3 INPUT/OUTPUT CIRCUITS 

The input/output circuits for each /iPD17201 A pin are shown below. 

(1) POA0-POA3 



Output 
disable 



(2) POB0-POB3 



Output 
latch 



Multiplexer 



VDD Vdd 



3- 



777 




Input buffer 



-@ 



Output _ 
disable 





Output 






latch 







777 




Input buffer 



-@ 
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(3) POC0-POC3 



latch 



Output 
disable 



Multiplexer 




Input buffer 



(4) POD0-POD3 



Output 
disable 




Input buffer 
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(5) P1A -P1A 2 



Output 
latch 



Output 
disalbe 



Multiplexer 



VDD 



:=E> 



777 




Input buffer 



(6) RESET 



V D D 




Input buffer 



2-439 



HPD17201A 



SEC 



2. BLOCK DIAGRAM 



P1Ao/SCK o 
P1A-|/S0 O 
P1A 2 /SI O 



POA 


O- 


POA-i 


O 


P0A 2 


O 


POA3 


O 


POB 


O- 


POB-| 


O- 


P0B 2 


O 


POB3 


O 


P0C 


O 


POC-i 


O 


P0C 2 


O 


POC3 


O- 


POD /LED 




POD-i/TMOUT 


O- 


P0D 2 


O- 


POD3 


O- 



Serial 
I/O V 



/ — N 



Remote 
Control 
Divider 



/ — N 
W 



Timer/ / 
;ounter V— 




Voltage 
Detector 



RAM 
336 x 4 bit 



I SYSTEM REG. 



ROM 
3072 x 16 bit 



K Instruc- 
> tion 
— y Decoder 



^ | Program Counter { 



Power 
Supply 
Circuit 



LCD 
Con- 
troller 



Z 4 — N Interrupt 
\ — J Controller 



~* \ Stack 5x12 bits | 



-O V REG 
-O V DD 
-O CAPH 
-O CAPL 
-o V LC D0 
-O V L CD1 
-O VLCD2 
-o V LC DC 
-O GND 



-O LCD 
-O LCD-| 
-O LCD 2 
-O LCD3 
-O LCD4 



-O LCD33 
— O COM3/LCD34 
-O COM 2 /LCD 35 
-O COM-] 
-O COM 



-O INT 



-o V A DC 



-O ADCo 
-O ADC1 
-O ADC 2 
-O ADC3 



-o gndadc 



-O RESET 
-O WDOUT 



-OX, N 



-O XquT 



-OXT, N 



-O XTqut 
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3.1 MASK OPTION DEFINITION DIRECTIVES 

Table 3-1 lists the directives that can be used in the mask option definition block. 
Here is an example of mask option definition: 

Symbol field Mnemonic field Operand field Comment field 



2 



[label:] OPTION [; comment] 

OPTRES RESPLUP 
OPTCK USEX.USEXT 
ENDOP 



Table 3-1 Mask Option Definition Directives 



Item 


Directive 


No. of Operands 


First Operand 


Second Operand 


RESET pin 


OPTRES 


1 


RESET 
Mask option 

RESPLUP (w/pull-up resistor) 
OPEN (w/o pull-up resistor) 




External oscillator 


OPTCK 


2 


Using main clock 


Using subclock 


USEX (main clock is used) 
NOX (main clock is not used) 


USEXT (subclock is used) 
NOXT (subclock is not used) 
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3.2 KEYWORD SYMBOLS 

The symbols defined by the H-PD17201A device file, are listed in Table 3-2. The defined symbols are 
the following register file names, port names, and peripheral device names. 

Table 3-2 Keyword Symbols 



Symbol 


Attribute 


Value 


R/W 


Remarks 


DBF3 


MEM 


O.OCII 


R/W 


Bits 15-12 for data buffer 


DBF2 


MEM 


O.ODH 


R/W 


Bits 11-8 for data buffer 


DBF1 


MEM 


O.OEH 


R/W 


Bits 7-4 for data duffer 


DBFO 


MEM 


O.OFH 


R/W 


Bits 3 for data duffer 


AR3 


MEM 


0.74H 


R 


Bits 15 12 for address register 


AR2 


MEM 


0.75H 


R/W 


Bits 11-8 for address register 


AR1 


MEM 


0.76H 


R/W 


Bits 7-4 for address register 


ARO 


MEM 


0.77H 


R/W 


Bits 3-0 for address register 


WR 


MEM 


0.78H 


R/W 


Window register 


BANK 


MEM 


0.79H 


R/W 


Bank register 


IXH 


MEM 


0.7AH 


R/W 


Bits 11-8 for index register 


MPH 


MEM 


0.7AH 


R/W 


Bits 7-4 for memory pointer 


MPE 


FLG 


0.7 AH. 3 


R/W 


Memory pointer enable flag 


IXM 


MEM 


0.7BH 


R/W 


Bits 7-4 for index register 


MPL 


MEM 


0.7BH 


R/W 


Bits 3-0 for memory pointer 


IXL 


MEM 


0.7CH 


R/W 


Bits 3-0 for index register 


RPH 


MEM 


0.7DH 


R/W 


Bits 7-4 for register pointer 


RPL 


MEM 


0.7EH 


R/W 


Bits 3-0 for register pointer 


PSW 


MEM 


0.7FH 


R/W 


Program status word 


BCD 


FLG 


0.7EH.0 


R/W 


BCD arithmetic flag 


CMP 


FLG 


0.7FH.3 


R/W 


Compare flag 


CY 


FLG 


0.7FH.2 


R/W 


Carry flag 


Z 


FLG 


0.7FH.1 


R/W 


Zero flag 


IXE 


FLG 


0.7FH.0 


R/W 


Index register enable flag 


LCDDO 


MEM 


0.40H 


R/W 


LCD segment 


LCDD1 


MEM 


0.41H 


R/W 


LCD segment 1 


LCDD2 


MEM 


0.42H 


R/W 


LCD segment 2 


LCDD3 


MEM 


0.43H 


R/W 


LCD segment 3 


LCDD4 


MEM 


0.44H 


R/W 


LCD segment 4 


LCDD5 


MEM 


0.45H 


R/W 


LCD segment 5 


LCDD6 


MEM 


0.46H 


R/W 


LCD segment 6 


LCDD7 


MEM 


0.47H 


R/W 


LCD segment 7 


LCDD8 


MEM 


0.48H 


R/W 


LCD segment 8 


LCDD9 


MEM 


0.49H 


R/W 


LCD segment 9 


LCDD10 


MEM 


0.4AH 


R/W 


LCD segment 10 


LCDD11 


MEM 


0.4BH 


R/W 


LCD segment 11 



2-442 



NEC 



NEC 



uPD17201A 



Symbol 


Attribute 


Value 


R/W 


Remarks 


LCDD12 


MEM 


0.4CH 


R/W 


LCD segment 12 


LCDD13 


MEM 


0.4DH 


R/W 


LCD segment 13 


LCDD14 


MEM 


0.4EH 


R/W 


LCD segment 14 


LCDD15 


MEM 


0.4FH 


R/W 


LCD segment 15 


LCDD16 


MEM 


0.50H 


R/W 


LCD segment 16 


LCDD17 


MEM 


0.51H 


R/W 


LCD segment 17 


LCDD18 


MEM 


0.52H 


R/W 


LCD segment 18 


LCDD19 


MEM 


0.53H 


R/W 


LCD segment 19 


LCDD20 


MEM 


0.54H 


R/W 


LCD segment 20 


LCDD21 


MEM 


0.55H 


R/W 


LCD segment 21 


LCDD22 


MEM 


0.56H 


R/W 


LCD segment 22 


LCDD23 


MEM 


0.57H 


R/W 


LCD segment 23 


LCDD24 


MEM 


0.58H 


R/W 


LCD segment 24 


LCDD25 


MEM 


0.59H 


R/W 


LCD segment 25 


LCDD26 


MEM 


0.5AH 


R/W 


LCD segment 26 


LCDD27 


MEM 


0.5BH 


R/W 


LCD segment 27 


LCDD28 


MEM 


0.5CH 


R/W 


LCD segment 28 


LCDD29 


MEM 


0.5DH 


R/W 


LCD segment 29 


LCDD30 


MEM 


0.5EH 


R/W 


LCD segment 30 


LCDD31 


MEM 


0.5FH 


R/W 


LCD segment 31 


LCDD32 


MEM 


0.60H 


R/W 


LCD segment 32 


LCDD33 


MEM 


0.61H 


R/W 


LCD segment 33 


LCDD34 


MEM 


0.62H 


R/W 


LCD segment 34 


LCDD35 


MEM 


0.63H 


R/W 


LCD segment 35 


POAO 


FLG 


0.70H.0 


R/W 


Bit for port OA 


P0A1 


FLG 


0.70H.1 


R/W 


Bit 1 for port OA 


P0A2 


FLG 


0.70H.2 


R/W 


Bit 2 for port OA 


P0A3 


FLG 


0.70H.3 


R/W 


Bit 3 for port OA 


POBO 


FLG 


0.71H.0 


R/W 


Bit for port OB 


P0B1 


FLG 


0.71H.1 


R/W 


Bit 1 for port OB 


P0B2 


FLG 


0.71H.2 


R/W 


Bit 2 for port OB 


P0B3 


FLG 


0.71H.3 


R/W 


Bit 3 for j)ort OB 


POCO 


FLG 


0.72H.0 


R/W 


Bit for port 0C 


P0C1 


FLG 


0.72H.1 


R/W 


Bit 1 for port 0C 


P0C2 


FLG 


0.72H.2 


R/W 


Bit 2 for port 0C 


P0C3 


FLG 


0.72H.3 


R/W 


Bit 3 for port 0C 


PODO 


FLG 


0.73H.0 


R/W 


Bit for port 0D 


POD1 


FLG 


0.73H.1 


R/W 


Bit 1 for port 0D 


P0D2 


FLG 


0.73H.2 


R/W 


Bit 2 for port 0D 


P0D3 


FLG 


0.73H.3 


R/W 


Bit 3 for port 0D 


P1AO 


FLG 


1.70H.0 


R/W 


Bit for port 1A 
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Symbol 


Attribute 


Value 


R/W 


Remarks 


P1A1 


FLG 


1.70H.1 


R/W 


Bit 1 for port 1A 


P1A2 


FLG 


1.70H.2 


R/W 


Bit 2 for port 1A 


SP 


MEM 


0.81H 


R/W 


Stack pointer 


SYSCK 


FLG 


0.82H.1 


R/W 


Selects system clock 


XEN 


FLG 


0.82H.0 


R/W 


Enables main clock 


WDTRES 


FLG 


0.83H.3 


R/W 


Resets watchdog timer 


WTMMD 


FLG 


0.83H.2 


R/W 


Selects watch timer mode 


WTMRES 


FLG 


0.83H.1 


R/W 


Resets watch timer mode 


VDDDET1 


FLG 


0.87H.3 


R/W 


VDD detection flag 1 


VDDDETO 


FLG 


0.87H.2 


R/W 


VDD detection flag 


INT 


FLG 


0.8FH.0 


R 


Interrupt pin status 


NRZBF 


FLG 


0.91H.0 


R/W 


NRZ buffer data 


NRZ 


FLG 


0.92H.0 


R/W 


NRZ data 


ADCCMP 


FLG 


O.AOH.O 


R/W 


Comparator result 


VREFEN 


FLG 


0.A1H.3 


R/W 


Enables VDD reference terminal 


ADCEN 


FLG 


0.A1H.2 


R/W 


ADC enable flag 


ADCCHO 


FLG 


0.A1H.1 


R/W 


ADC channel selection #1 


ADCCHO 


FLG 


0.A1H.0 


R/W 


ADC channel selection #0 


SIOTS 


FLG 


0.A2H.3 


R/W 


Serial interface 


SIOHIZ 


FLG 


0.A2H.2 


R/W 


SO/port selection 


SIOCK1 


FLG 


0.A2H.1 


R/W 


Serial interface clock #1 


SIOCKO 


FLG 


0.A2H.0 


R/W 


Serial interface clock #0 


NRZEN 


FLG 


0.A3H.2 


R/W 


NRZ enable flag 


TMOE 


FLG 


0.A3H.1 


R/W 


Timer output enable flag 


SIOEN 


FLG 


0.A3H.0 


R/W 


SIO enable flag 


P0DBI03 


FLG 


0.A7H.3 


R/W 


I/O setting flag for bit 3 in POD port 


P0DBI02 


FLG 


0.A7H.2 


R/W 


I/O setting flag for bit 2 in POD port 


P0DB101 


FLG 


0.A7H.1 


R/W 


I/O setting flag for bit 1 in POD port 


P0DBI00 


FLG 


0.A7H.0 


R/W 


I/O setting flag for bit in POD port 


IPS10 


FLG 


0.AFH.3 


R/W 


Interrupt enable flag for INTSIO 


IPWTM 


FLG 


0.AFH.2 


R/W 


Watch timer interrupt enable flag 


IP 


FLG 


0.AFH.1 


R/W 


INT interrupt enable flag 


IPTM 


FLG 


O.AFH.O 


R/W 


8-bit timer interrupt enable flag 


LCDEN 


FLG 


0.B1H.3 


R/W 


LCD display enable flag 


LCDCK2 


FLG 


0.B1H.2 


R/W 


LCD display setting #2 


LCDCK1 


FLG 


0.B1H.1 


R/W 


LCD display setting #1 


LCDCKO 


FLG 


O.B1H.0 


R/W 


LCD display setting #0 


LCDMD3 


FLG 


0.B2H.3 


R/W 


LCD display setting #3 


LCDMD2 


FLG 


0.B2H.2 


R/W 


LCD display setting #2 


LCDMD1 


FLG 


0.B2H.1 


R/W 


LCD display setting #1 


LCDMDO 


FLG 


0.B2H.0 


R/W 


LCD display setting #0 
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Symbol 


Attribute 




R/W 


Rem arks 


1 ivlrLIN 


FLG 


U . Ddtl . O 


R/W 


8 — bit timer counter enable flag 


1 lvlKiio 


FLG 


ft D3U 9 


R/W 


8-bit timer reset flag 


1 1V1L/1Y1 


FLG 


. B3H . 1 


R/W 


Selects 8 — bit timer clock source 


1 ML/JtVU 


FLG 


a pou a 
U . rSori . U 


p /w 
K/ w 


Selects 8 _ bit timer clock source 


P1AGI0 


FLG 


B7H 3 


R/W 


rlA port l/u setting nag 




FLG 


B7H 2 


p /w 
K/ w 


JrUU port l/u setting nag 


PftRr'Tn 

r UdvjIU 


FLG 


. B7H . 1 


R/W 


rUB port l/u setting nag 


Pfl APTfi 


FLG 


ft P7U A 


R/W 


POA port I/O setting flag 




FLG 


A DDTJ 


R/W 


SIO interrupt request flag 


TPOWTM 
IKy W 1 M 


FLG 


U. tSUri . £ 


R/W 


Watch timer interrupt request flag 


IRQ 


FLG 


. BDH . 1 


R/W 


INT interrupt request flag 




FLG 


ft PT7TJ ft 

U. rSJbrl .U 


R/W 


8 _ bit timer interrupt request flag 


olUor K 


DAT 


01H 


R/W 


Serial I/O register 


TMM 


DAT 


02H 


W 




TMC 


DAT 


02H 


R 


8-bit timer count register 


NRZLTMM 


DAT 


03H 


R/W 


NRZ modulo register, low 


NRZHTMM 


DAT 


04H 


R/W 


NRZ modulo register, high 


ADCR 


DAT 


05H 


R/W 


ADC reference voltage setting register 


DBF 


DAT 


OFH 


R/W 


Data buffer 


IX 


DAT 


01H 


R/W 


Index register 


AR 


DAT 


40H 


R/W 


Address register 
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4. }iPD17201A INSTRUCTION SET 
4.1 INSTRUCTION 8ET OUTLINE 



b 15 

bu~b n ^v^^ 





1 


BIN 


HEX 








ADD r, m 


ADD m, #i 


1 


1 


SUB r, m 


SUB m, #i 


10 


2 


ADDC r, m 


ADDC m, Si 


11 


3 


SUBC r, m 


SUBC m, #i 


10 


4 


AND r, m 


AND m, #i 


10 1 


5 


XOR r, m 


XOR m, #i 


Oil 


6 


OR r, m 


OR m, #i 


111 


7 


INC AR 

INC IX 

MOVT DBF, <s AR 

BR @ AR 

CALL @AR 

RET 

RETSK 

EI 

DI 

RETI 

PUSH AR 
POP AR 
GET DBF, p 
PUT p, DBF 
PEEK WR, RA 
POKE RA, WR 
RORC r 
HALT h 
NOP 




10 


8 


LD r, m 


ST m, r 


10 1 


9 


SKE m, #i 


SKGE m, #i 


10 10 


A 


MOV <§r, m 


MOV m, <§r 


10 11 


B 


SKNE m, #i 


SKLT m, #i 


110 


C 


BR addr (pageO) 


CALL addr (page 0) 


110 1 


D 


BR addr (page 1) 


MOV m, #i 


1110 


E 




SKT m, #n 


1111 


F 




SKF m, #n 
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4.2 INSTRUCTION LIST 



Legend 



M : One of data memory specified by [(BANK), m] PC : Program counter 

m : Data memory address specified by [m H , m L ] of each bank SP : Stack pointer 

m H : Data memory address high (row address) ; 3 bits STACK : Stack specified by (SP) 

m L : Data memory address low (column address) ; 4 bits BANK : Bank register 

R : One of general register specified by [(RP), r] (AR)rom : One of program memory data specified by (AR) 

r : General register address low (column address) : 4 bits INTEF : Interrupt enable flag 

RP : General register pointer i : Immediate data ; 4 bits 

RF : One of register file specified by rf n : Bit position ; 4 bits 

rf : Register file address specified by [rf H , rf L ] addr : One of program memory address ; 11 bits 

rf H : Register file address high (row address) ; 3 bits a H : Program memory address high ; 3 bits 

rf L : Register file address low (column address) ; 4 bits a M : Program memory address middle ; 4 bits 

AR : Address register a L : Program memory address low ; 4 bits 

IX : Index register CY : Carry 

IXE : Index register enable flag s : Stop releasing condition 

DBF : Data buffer h : Halt releasing condition 

WR : Window register [ ] : Address of M, R, RF 

MP : Memory pointer ( ) : Contents of M, R, RF, AR, IX. DBF, WR, PE 

MPE : Memory pointer enable flag 

PE : Peripheral 

p : Peripheral address 

p H : Peripheral address high (row address) ; 3 bits 

p L : Peripheral address low (column address) ; 4 bits 



o 


Mnemonic 


Operand 


Function 


Operation 


Machine code 


o 


OP code 










ADD 


r, m 


Add memory to register 


R«-(R) + (M) 


00000 


m H 


m L 


r 




m, #i 


Add immediate data to memory 


M«-(M)+i 


10000 


m H 


n>L 


i 


lition 


ADDC 


r, m 


Add memory to register with carry 


R«-(R) + (M) + (CY) 


00010 


m H 


»i. 


r 


Add 


m, #i 


Add immediate data to memory with carry 


R-(M)+i+(CY) 


10010 


m H 


•"L 


i 




INC 


AR 


Increment address register 


AR-AR + i 


00111 


000 


1001 


0000 




IX 


Increment index register 


IX^IX + i 


00111 


000 


1000 


0000 




SUB 


r, m 


Subtract memory from register 


R«-(R)-(M) 


00001 


m H 


m L 


r 


actioi 


m, #i 


Subtract immediate data from memory 


M«-(M)-i 


10001 


m H 


1>L 


i 


| Subtr 


SUBC 


r, m 


Subtract memory from register with borrow 


R«-(R)-(M)-(CY) 


00011 


m H 


">l 




m, #i 


Subtract immediate data from memory with borrow 


M«-(M)- i - (CY) 


10011 


m H 


m L 


i 




SKE 


m, #i 


Skip if memory equal to immediate data 


M — i, skip if zero 


01001 


m H 


m L 


i 


ipare 


SKGE 


m, #i 


Skip if memory greater than or equal to immediate data 


M — i, skip if not borrow 


11001 


m H 


m L 


i 


J 


SKLT 


m, #i 


Skip if memory less than immediate data 


M — i, skip if borrow 


11011 


m H 


m L 


i 




SKNE 


m, #i 


Skip if memory not equal to immediate data 


M — i, skip if not zero 


01011 


m H 


m L 


i 




AND 


m, #i 


Logical AND of memory and immediate data 


M«-(M) AND i 


10100 


m H 


m L 


i 




r, m 


Logical AND of register and memory 


R^(R) AND (M) 


00100 


m H 


m L 


r 


"« 


OR 


m, #i 


Logical OR of memory and immediate data 


M«-(M) OR i 


10110 


m H 


m L. 


i 


Log 


r, m 


Logical OR of register and memory 


R^(R) OR (M) 


00110 


m H 


«n L 


r 




XOR 


m, #i 


Logical XOR of memory and immediate data 


M«-(M> XOR i 


10101 


m H 


m L 






r, m 


Logical XOR of register and memory 


R^(R) XOR (M) 


00101 


m H 


m L 
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& 

o 


Mnemonic 


Operand 


Function 


Operation 


Machine code 


O 




OP code 










LD 


r, m 


Load memory to register 


R-(M) 


01000 


m H 




r 




ST 




Store register to memory 


(M)-R 


11000 


m H 


«>>l 


r 






r, m 


Move memory to destination memory referring to register 


ifMPE=^ 1,[(MP). (R)]— (M) 
ifMPE = 0.[(m H ),(R)]-(M) 


01010 


m H 


m L 


r 




MOV 


m, fe r 


Move source memory referring to register to memory 


ifMPE = 1,M-[(MP), (R)] 
if MPE = 0,M-[(m H ), (R)] 


11010 


m H 


n> L 


r 






m, it i 


Move immediate data to memory 


M-i 


11101 


m H 




i 


Transf 


MOVT 


DBF. 
fcAR 


Move ROM data from the address specified in AR to DBF 


sp-(sp)- 1. STACK — PC 

DBF — (AR)rom, 

PC — STACK, sp — (sp) + 1 


00111 


000 


0001 


0000 




PUSH 


AR 


Decrement SP, then move AR to stack top 


SP-(SP)- 1, STACK -AR 


00111 


000 


1101 


0000 




POP 


AR 


Move stack top to AR, then increment SP 


AR - STACK, SP-SP + 1 


00111 


000 


1100 


0000 




PEEK 


WR. RA 


Get from RF through WR 


WR-(RF) 


00111 


rf H 


0011 


rf L 




POKE 


RA.WR 


Put data on WR into RF 


(RF)-WR 


00111 


rf H 


0010 


rf L 




GET 


DBF, p 


Get peripheral data to DBF 


DBF — P 


00111 


Ph 


1011 


Pl 




PUT 


p. DBF 


Put data in DBF to peripheral 


P-DBF 


00111 


Ph 


1010 


Pl 




SKT 


m, #n 


Test memory bits, 

then skip if all bits specified are true 


CMP- 0. 

skip if M, = all" 1 " 


11110 


m H 


m L 


n 




SKF 


m, #n 


Test memory bits, 

then skip if all bits specified are false 


CMP- 0. 

skip if M n = all "0" 


11111 


m H 


m L 


n 






addr 


Jump to the address specified in page 


PC — ADDR, PAGE — 00 


01100 


a H 


*m 


»L 


| Branc 


BR 


Jump to the address specified in page 1 


PC -ADDR, PAGE — 01 


01101 


«H 








<&AR 


Jump to the address specified in AR 


PC - AR 


00111 


000 


0100 


0000 


Shift 


RORC 


r 


Rotate register right with carry 


(CY)-»(R)-» CY 


00111 


000 


0111 


r 




CALL 


addr 


Call subroutine in page 


SP-(SP)- 1, 
STACK -( (PC) + 1), 
PC - ADDR, PAGE — 00 


11100 


"H 


»M 




routine 


feAR 


Call subroutine specified in AR 


SP-(SP)- 1, 
STACK— ((PC) + 1), 
PC-(AR) 


00111 


000 


0101 


0000 


•s 

CO 


RET 




Return to main routine from subroutine 


PC— (STACK). SP— (SP)+ 1 


00111 


000 


1110 


0000 




RETSK 




Return to main routine from subroutine, then skip 
unconditional 


PC-(STACK),SP-(SP) + 1 
and skip 


00111 


001 


1110 


0000 




RETI 




Return to main routine from interrupt service routine 


PC -(STACK). SP — (SP) + 
1 BANK — (Interruptstack) 


00111 


100 


1110 


0000 


I 


EI 




Enable interrupt 


INTE flag - 1 


00111 


000 


1111 


0000 




DI 




Disable interrupt 


INTE flag - 


00111 


001 


1111 


0000 


J 


HALT 


h 


Halt the CPU. restart by condition H 


HALT 


00111 


Oil 


mi 


h 


6 


NOP 




No operation 


No operation 


00111 


100 


mi 


0000 
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5. ELECTRICAL CHARACTERISTICS (Preliminary) 
ABSOLUTE MAXIMUM RATINGS (T t -25°C) 

Supply Voltage V DD -0.3 to +7.0 

P0B0-P0B3 -0.3 to V DD +0.3 

Input Voltage V| 

All pins, except above -0.3 to Vdd+0-3 

Operating Temperature Top t - 20 to +75 

Storage Temperature Tstg -40 to +125 



CAPACITANCE (T a - 25 °C, V D d - V) 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITIONS 


Input Capacitance 


C|N 






10 


PF 


INT, SI. RESET pins 


CpiN 






10 


pF 


Other than INT. SI. RESET 


RECOMMENDED OPERATING RANGE 


CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITIONS 


Supply Voltage 


V D D1 


2.2 


3.0 


5.5 


V 


f X = 4 MHz 


v DD2 


3.5 


5.0 


5.5 


V 


f X = 8 MHz 


Main Clock Oscillation 
Frequency 

Subclock Oscillation Frequency 


fx 


2.0 


4.0 


8.0 


MHz 




'XT 




32.768 




kHz 
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DC CHARACTERISTICS (V D d - 2.2 to 5.5 V, T a - -20 to +75 °C f f x - 4 MHz, f X T - 32 kHz) 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITIONS 


Operating Supply Voltage 


VDD 


2.2 


3.0 


5.5 


v 




High-level Input Voltage 


V|H1 


2.4 






V 


RESET pin 


V|H2 


2. 








Other than RESET 


Low-level Input Voltage 


V IL1 






0.6 


V 


RESET pin 


V, L 2 






0.9 


V 


Other than RESET pin 


High-Level Input Current 


•lH1 






0.2 


ma 


INT pin 


V| H = 3.0 V 


l|H2 






0.2 


ma 


RESET pin 


V|H = 3.0 V 


>IH3 






0.2 


ma 


P0A-P1A pin 


V|H = 3.0V 


Low-Level Input Current 


l|L1 






0.2 


ma 


INT pin 


V| L = 0V 


IIL2 






0.2 


ma 




VIL = V 

w/o pull-up resistor 


•lL3 


20 


50 


100 


ma 


RESET pin 


V| L =0V 
w/pull-up resistor 


IIL4 






0.2 


ma 


POA pin 


Vn = V 
v il u v 

w/o pull-up resistor 


III c 

MLo 




12 


20 


11A 


V| L = 0V 
w/pull-up resistor 


1 1 L6 






0.2 


ma 


P0B, P0C, POD, 
P1A, pin 


V| L = 0V 


High- Level Output Current 


k)H1 


0.6 


2.0 


4.0 


mA 


POA, POD, PI A 
pin 


Voh = 2.7V 


»OH2 


7.0 


15.0 


25.0 


mA 


REM pin 


V H=10V 


Low-Level Output Current 


»OL1 


0.5 


1.5 


2.5 


mA 


POA, POD, P1A 
pin 


Vol = 0-3 V 


>OL2 


0.5 


1.5 


2.5 


mA 


P0B, P0C pin 


Vol = 0.3 v 


'OL3 


0.5 


1.5 


2.5 


mA 


REM pin 


Vol = 0.3 v 


Supply Current 


'DDI 


0.2 


0.5 


1.5 


mA 


Operation mode 


XT and X 


•DD2 




15 


30 


MA 


Only XT 


IDD3 




0.5 


1.5 


mA 


HALT mode 


XT and X 


IDD4 




10 


15 


MA 


Only XT 


LCD Output Voltage 
Adjustable Range 


V|_cqo 


0.6 




1.8 


v 




Doubler Output Voltage 


V LCD1 


1.9 
VLCDO 


2 

VLCDO 




V 




Tripler Output Voltage 


V LCD2 


2.85 
VLCDO 


3 

VLCDO 




V 




Common Output Current 


'COM 


30 






ma 


V D S = 0.2 V 


Segment Output Current 


>LCD 


5 






ma 


V DS = 0.2 V 


Low Voltage Detection 
Voltage 1 


VDET1 


1.6 


2.0 


2.9 


V 




Low Voltage Detection 
Voltage 2 


VDET2 


1.9 


2.2 


2.9 


V 




A/D Converter Current 
Dissipation 


«DD5 




60 


120 


MA 


V A DC = 3V 


Absolute A/D Conversion 
Accuracy 






±1 


±2 


LSB 


V AD C = 3V 
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AC CHARACTERISTICS (T, - -20 to +75 °C, V D d = 2.2 to 5.5 V) 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITIONS 


Main Clock Oscillation 
Frequency 


fX 


2.0 




4.0 


MHz 


V DD - 2.2 to 5.5 V 


2.0 




8.0 


MHz 


Vqd ■ 3.5 to 5.5 V 


Subclock Oscillation Frequency 


f XT 




32.768 




kHz 




INT Input High- Level Width 


t INTH 


50 






Ms 




RESET Low-Level Width 


tRSL 


50 






MS 





SERIAL INTERFACE AC CHARACTERISTICS (T a = -20 to +75 °C, V DD - 2.2 to 5.5 V) 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITIONS 


SCK Cycle Time 


*KCY 


2.0 






MS 


V DD = 4.5 
to 5.5 V 


Data input 


10.0 






MS 


Data output 


5.0 






MS 




Data input 


13.0 






MS 


Data output 


SCK Low-Level Width 


t KH» t KL 


1.0 






Ms 


V DD - 4.5 
to 5.5 V 


Data-input 


5.0 






MS 


Data output 


2.5 






MS 




Data input 


6.5 






MS 


Data output 


SI Setup Time (vs. SCK t) 


tSIK 


100 






ns 






SI Hold Time (vs. SCK t) 


tKS 


100 






ns 






SCK -l -+ SO Output Delay 
Time 


tKSO 






4.5 


MS 


C L = 100 pF 
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SERIAL TRANSFER TIMING 
Three-line Serial I/O Mode: 



\ y \ 



tKCY1 



tSlKI 



tKHI 



tSIK1 



^ Input data ^ 



tKSO! 



Output data 



2-452 



NEC 



HPD17201A 



RECOMMENDED OSCILLATORS 
Main System Clock: Ceramic Oscillator 



Manufacturer 


Product name 


External 
capacitor (pf) 


Oscillation 
voltage (V) 


Remarks 


C1 


C2 


MIN. 


MAX. 


Murata Mfg 


CSA3.58MG 


30 


30 


2.0 


6.0 




CSA4.00MG 


30 


30 


2.0 


6.0 




CSA4.19MG 


30 


30 


2.0 


6.0 




CST3.58MGW 


none 


none 


2.0 


6.0 


C contained type 


CST4.00MGW 


none 


none 


2.0 


6.0 


CST4.19MGW 


none 


none 


2.0 


6.0 


Kyocera 


KBR3.58MS 


33 


33 


2.0 


6.0 




KBR4.0MS 


33 


33 


2.0 


6.0 




KBR4.19MS 


33 


33 


2.0 


6.0 




Toko 


CRHF4.00 


18 


18 


2.0 


6.0 




Dai-Shinku 


PRS0400BCSAN 


39 


33 


2.0 


6.0 





Main System Clock: Crystal Oscillator 



Manufacturer 


Frequency 
(MHz) 


Retainer 


External 
Capacitor (pf) 


Oscillation 
voltage (V) 


Remarks 


C1 


C2 


MIN. 


MAX. 


Kinseki 


4.0 ; HC-49U-S 


22 


22 


2.0 


6.0 





OSCILLATOR CIRCUIT 



X IX X 0UT 





— ini — 






= Ci z 


- c 2 
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4-BIT SINGLE-CHIP MICROCONTROLLER 

The ^iP17207 is a 4-bit single-chip microcontroller for infrared remote controller containing the LCD controller/driver, 
A/D converter, and the remote control carrier generator. 

The |j.PD1 7207 employs the 1 7K architecture. Therefore, data transfer or operation within the data memory or between the 
data memory and peripheral circuit is possible by single instruction. All instructions are 1 6-bit one word instructions. The 
M.PD17207 is packaged in 80-pin plastic QFP. 

FEATURES 

• Program memory (ROM) 
^PD17207: 4096 x 16 bits 

• Data memory (RAM): 336 x 4 bits) 

• Built-in infrared remote control carrier generator 

• Built-in 8-bit A/D converter: 4 inputs 

• Built-in LCD controller/driver (136 segments max.) 

Common pins: 4, Segments pins: 34 (2 of the common pins can be used as segment pins) 

• LCD drive voltage boosting circuit with voltage regulator: LCD drive voltage can be boosted up to 2.4 to 5.4 V, 
using the external resistor 

• Abundant I/O ports pins: 19 

• Built-in 3-line serial interface 

• Stack levels: 5 levels 

• 8-bit timer: 1 channel 

• Clock timer: 1 channel 

• Instruction execution time: 4 us (with 4 MHz resonator connected) 

• Standby functions: STOP mode, HALT mode 

Clock display is possible with 32.768 kHz crystal in STOP mode 

• Can operate at low voltage: V DD = 2.2 to 5.5 V 

• 80-pin plastic QFP (14 x 20 mm) 

• One-time PROM versions: nPD1 7P207GF-3B9 
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PIN CONFIGURATION (Top View) 



LCD14 o 

LCD 13 O 

LCD12 o 

LCD n O 
LCD 10 O 
LCDg O 



CO CM 

O O 

o o o o o 

J J J u u 



S & 



CM r- U O t 

Q Q Q Q 3 z 

O O O O O £ 

— I —l —l —I I— I— 

> > > > XX 



5 > 




TYYYTT7YTTTTYTYY 



80 79 78 77 76 75 74 73 72 71 70 I 



25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 t 



llllollloloiill 




oo J> J? JP w w r Q 
QQQQQQQQ" 
O O O O O O 



POAo-POA 3 
POB0-POB3 
POC0-POC3 
POD0-POD3 
PIA0-PIA2 
LED 

REM 

LCD0-L.CD35 

COM0-COM3 

TMOUT 

WDOUT 

INT 

RESET 

ADC0-ADC3 



Input/output port 

Input/output port 

Input/output port 

Input/output port 

Input/output port 

Remote control transmission ( 

indication 

Remote control transmission < 
LCD segment signal output 
LCD common signal output 
Timer output 
Watchdog timer output 
External interrupt input 
Reset signal input 
A/D converter input 



CJ O «- CM CO O 
Q O O CJ U Q 
< Q Q Q Q < 
> < < < < Q 
Z 

o 

X IN» x OUT 

XT IN. XT OUT 

SI 

SO 

SCK 

V LCDC 

VLCD0-VLCD2 
CAPH, CAPL 
VREG 
VADC 

VDD 

GND, GNDadC 



Main clock oscillator circuit 
Subclock oscillator circuit 
Serial data input 
Serial data output 
Serial clock input/output 
LCD drive reference voltage adjust- 
ment 

LCD drive reference voltage output 
Booster capacitor connection pins 
Subclock voltage regulator output 
A/D converter reference voltage 
input 

Power supply pin 
Ground 
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BLOCK DIAGRAM 



P1 Aq/SCK o 



P^/SO o 
P1A 2 /SI o 



POAq O- 
POA-i O- 

P0A 2 o- 
POA3 o- 

POB 

P0B1 
P0B2 
POB3 



P0C o- 
POC1 o- 
P0C 2 o- 
POC3 o- 



PODo/LED O- 
POD1/TMOUT O- 
P0D 2 O- 
POD3 O- 



REM O- 



Serial A 
I/O V 



— N t — N 

v— v \r— y 



) 


POB 




) 


) 


D 



w 



Remote 
Control 



Timer/ 
Counter 



Voltage 
Detecter 



RAM 
336 x 4 bits 



| SYSTEM REG. 



^> ALU 



3 



ROM 

4096 x 1 6 bits 
(MPD17207) 



Power 
Supply 
Circuit 



*S LCD 

V con,rol,e 



^— \ Interrupt 
VV Controller 



, I Program Counter 
f ^ Stack 5x1 2 bits 







Divider 






CPU Clock 

t 


Watch Timer 




Divider 





i~Ch 



-o gndadc 



•O WDOUT 



-O X| N 



Clock Stop 



-O X UT 



-O XT|N 



-O XTquT 
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FUNCTION LIST 



Product 


MPD17201A 


MPD17207 


I juPD17P207 


ROM 


3072x 16 bits 


4096x 16 bits 


Mask ROM 


Mask ROM 


I One-time PROM 


RAM 


336 x 4 bits 


Instruction execution time 


4 jus (with 4 MHz resonator connected) 


Stack level 


5 levels (Multiple interrupt: up to 2 levels) 


Input/output ports 


19 


Serial interface 


• 8-bit, 3-line: 1 channel 


Interrupts 


• 4 channels 

External interrupts: 1 channel 
Internal interrupts: 3 channels 


Timers 


• 2 systems 
8-bit timer 

Clock timer (also serves as 


watchdog timer) 




Standby functions 


• STOP mode, HALT mode 


Operating voltage 


V DD =2.2to5.5 V 


Package 


80-pin plastic QFP (14 x 20 mm) 



2-458 



NEC 



HPD17P207 



/IPD17P207 is a model of /iPD17207 which is equipped with a one-time PROM in place of the /iPD17207 
internal mask ROM. 

Sice the user can write the program to ^PD17P207, the microcontroller if suitable for experimental or small-scale 
production of mPDI 7207 systems. 

It is recommended that you also read the documents related to MPD17207, in addition to this data sheet. 
FEATURES 

• Compatible with juPD1 7207 

• Internal one-time PROM: 4096x 16 bits 

• Operating voltage range: 2.2 to 5.5 V 



ORDERING INFORMATION 



Order Code 



Package 



Quality Grade 



juPD17P207GF-3B9 



80-pin-plastic QFP (14 x 20) 



Standard 
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PIN CONFIGURATION (Top View) 



(1) Ordinary operation 



8 

Q 



o o o u 



80 1 |79| 781 77 



i^i r^i ff^i r^i r^i r^i r^i i^i i~i i^i i^i 
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BLOCK DIAGRAM 



PIAq/SCK o 
P1A!/S0 O 
P1A 2 /SI O 



POAq/Do O- 
POA^Dt O- 
P0A 2 /D2 O- 
POA3/D3 o- 



POB0/MD0 O- 
POB1/MD1 O- 
POB2/MD2 O- 
POB3/MD3 O- 



POC0/D4 O- 
POCt/05 O- 
P0C 2 /D 6 O- 
POC3/D7 O- 



POD /LED O- 
POD^TMOUT O- 
P0D 2 O- 
POD3 O- 



Serial 
I/O 



Remote 
Control 
Divider 



Timer/ 
Counter 



V-v 



C=5 



^ / — N 
V V-V 



Voltage 
Detecter 



^>ALU 




RAM 
336 x 4 bit 



| SYSTEM REG. 



PROM 
4096 x 16 bits 



J Program Counter 



Instruc- 
tion 

Decoder 



Power 
Supply 
Circuit 



LCD 
Con- 
troller 







Interrupt 
Controller 



H 



Stack 5x12 bits 







Divider 






CPU Clock 

t 


Watch Timer |* 1 Divider 



-o v REG 
-o vdd 

-O CAPH 
-O CAPL 

-o v L cdo 

-O V L CD1 
~0 VLCD2 

-o vlcdc 

-O GND 



-O LCD 
-O LCD! 
-O LCD 2 
-O LCD3 
-O LCD 4 



-O LCD33 
-O COM3/LCD34 
-O COM2/LCD35 
-O COM-i 
-O COM 



-O INT/Vpp 



-o V A DC 



-O ADC 
-O ADC1 



-O ADC2 
-O ADC3 



-O GNDaDC 



-O RESET 



•O WDOUT 



-O X| N /CLK 



-O x OUT 



-O XT| N 



-O XTQUT 



2-462 



NEC 



|LiPD17P207 



1. PIN FUNCTIONS 



1.1 IN ORDINARY OPERATION MODE 



Pin No. 


Symbol 


I/O 


Output 
format 


Pin name 


Function 












These are the segment signal output pins for the 












LCD driver. LCD35/COM2 and LCD34/COM3 












pins are multiplexed pins equipped with segment 












signal output and common signal output functions. 












Whether the segment signal output function or com- 












mon signal output function is selected is specified 












by LCDMD3 through LCDMDO (address 32H, bits 












3-0) of the register file. The number of display 












dots can be selected by the matrix of segment 












signal output pins and common signal output pins 












from 72, 105, or 136 dots. The bias is fixed to 1/3. 


78 


LCD 35 /COM 2 








Duty factors of 1 12, 1 /3, and 1 /4 can be selected, 


79 


LCD34/COM3 








depending on the selected number of common 


80 
1 


LCD33 
LCD32 


Output 




LCD segment signal 


signal output pins. The frame frequency can be 
selected by LCDCK2-LCDCK0 registers (address 


32 


LCD1 








31 H) for the register file. The dot corresponding 


34 


LCD 








to a segment signal output pin and a common 
signal output pin, between which a potential 
difference of +Vqq is generated illuminates. 
Display data are set in the LCD driver through LCD 
display register (address 40H-63H of BANKO). 
The display ON mode and display OFF mode for 
the LCD driver are selected by the LCDEN register 
(address 31 H, bit 3) for the register file. In the 
display OFF mode, the segment signal output pin 
outputs a signal waveform that extinguishes the 
display. When reset is effected by the RESET pin, 
the voltage detector detecting a voltage drop, or 
the watchdog timer, the LCDEN register is set in 
the display OFF mode. 


33 


GND 






Ground 


Device ground pin 


35 


Vadc 






Analog power 


This pin supplies power to the A/D converter. 
Connect this pin to the Vqd P m - 
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Symbol 


I/O 


Output 
format 
















T*h6S6 pins 3T6 input pins for th6 8-bit A/D convBrtsr 












which can function as either an 8-bit A/D converter 












or a comparator, depending on the settings used in 












VREFEN, ADCEN, ADCCH1, and ADCCHO 












(address 21 H), for the register file. The A/D con- 


36 


ADC 


Input 




A/D converter input 


verter is of successive approximation type. The 
reference voltage for the converter is created by 


37 


ADCf 


Input 




A/D converter input 1 


dividing the voltage of an analog power supply 
(VadC P' n ) witn a registor string. 


38 


ADC2 


Input 




A/D converter input 2 


The A/D converter can use a total of six channels, 
formed by pins ADCrj through ADC3. The com- 


39 


ADC 3 


Input 




A/D converter input 3 


parator is provided with a total of two channels 
with one channel consisting of pins ADCo and 
ACD2 and the other of pin ADC1 and pin ADC3. 
Whether the A/D converter or comparator is used, 
and which channel is selected, are specified by 
VREFEN, ADCEN, ADCCH1, and ADCCHO 
(address 21 H), for the register file. 


40 


GND ADC 






Analog ground 


This is the ground pin for the A/D converter. 












This pin inputs an external interrupt request signal. 












The interrupt request is issued at the rising edge 












of the signal input to this pin. 












Even when an interrupt request has been issued, 












the interrupt is not accepted unless it is enabled 












(maskable interrupt). All interrupts can be enabled 












by the El instruction, or only a selected interrupt 












can be enabled by the INT pi^. 












Enabling an interrupt by the INT pin is specified 


41 


INT 


Input 




Interrupt 


by IP (address 2FH) for the register file. 
If an interrupt is enabled, and when an interrupt 
request is issued, the interrupt is accepted. When 
an interrupt has been accepted, the program is 
executed, starting from address 03 H. 
Whether an interrupt request has been issued can 
be checked by IRQ (address 3FH) for the register 
file, even when the interrupt is not enabled. 
When reset is effected by the RESET pin or watch- 
dog timer, all interrupts are disabled and all inter- 
rupt requests are cleared. 












These pins constitute a 4-bit general-purpose I/O 












port, which can be set in the input or output mode 


42 
43 
44 
45 


P0A 
POAi 
P0A2 
P0A 3 








in 4 bit units (group I/O) by P0AGIO (address 37H, 


I/O 


CMOS 
push-pull 


Port OA 


bit 0) for the register file. The input data is read 
and output data is set by port register POA (address 






70H for BANKO). These port pins are internally 








connected with pull-up resistors. 
When reset is effected by the RESET pin or watch- 
dog timer, these pins are set in the input mode. 
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Symbol 


I/O 


Output 
format 


Pin name 


Function 












These pins constitute a 4-bit general-purpose I/O 












port, which can be set in the input or output mode 




P0B 








in 4 bit units (group I/O) by POBGIO (address 37 H, 


46 








bit 1). The input data is read or output data is set 


47 
48 


P0B\ 
POB 2 


I/O 


N-ch 
open drain 


Port OB 


by port register POB (address 71 H for BANKO). 
Since these pins are N-ch open-drain, they must be 


49 


POB 3 








connected to external pull-up resistors. 
When reset is effected by the RESET pin or watch- 
dog timer, these pins are set in the input mode. 












These pins constitute a 4-bit general-purpose I/O 












port, which can be set in the input or output mode 


50 
51 
52 


POCo 
POCi 
POC2 
POC3 


I/O 


N-ch 
open arain 


PortOC 


in 4-bit units (group I/O) by POCGIO (address 37H, 
bit 2). The input data is read and output data is 
set by port register POC (address 72H for BANKO). 


53 






Since these pins are N-ch open-drain, they must be 








connected with pull-up registors. 
When reset is effected by the RESET pin or watch- 
dog timer, these pins are set in the input mode. 












... 
These pins constitute a 4-bit general-purpose I/O 












port. Of these four pin, PODO also function as an 












LED output pin (LED), and P0D1 serves as the 












external signal output pin for the timer (TMOUT). 












Whether the port pin, LED output, or timer output 












function is used is specified by NRZEN (address 












23H,bit 2) and TMOE (address 23H,bit 1) for the 












register file. 












When reset is effected by the RESET pin or watch- 












dog timer, these pins are set in the input mode. 












(1 ) When 4-bit I/O port function is used 












The port can be set in the input or output 


54 


POD /LED 




CMOS 
push-pull 




mode bitwise (bit I/O) by P0DBIO3 through 


55 
56 


PODt/TMOUT 
POD2 


I/O 


Port OD 


P0DBIO0 (address 27H, bits 3 through 0) for 
the register file. 


57 


POD3 








The input data is read or output data is set 
by port register POD (address 73 H for 
BANKO). 

(2) When PODq pin is used as LED output pin 
Whether this pin functions as an I/O port pin 
(PODq) or LED output pin is specified by 
NRZEN. As an LED output pin, NRZ signal 

is output in synchronization with REM output. 

(3) When POD1 pin is used as external signal out- 
put pin for 8-bit timer 

Whether this pin functions as an I/O port pin 
(P0D<|) or timer output pin is specified by 
TMOE. 
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Pin No. 


Symbol 


I/O 


Output 
format 


Pin name 


Function 


58 
59 
60 


P1 Aq/SCK 
PT At/SO 
P1A2/SI 


I/O 


CMOS 
push-pull 


Port 1 A 


These pins constitute a 3-bit general-purpose I/O 
port. They also form a serial interface. 
Whether these pins function as port pins or serial 
interface pins can be specified by SIOEN (address 
23H, bit 0) for the register file. 
When RESET is effected by the RESET pin or 
watchdog timer, these pins are set in the input 
mode. 

( 1 ) When used as 3-bit I/O port 

The port can be set in the input or output 
mode in 3 bit units (group I/O) by P1 AGIO 
(address 37 H, bit 3) for the register file. 
The input data can be read or output data 
can be set by port register P1 A (address 70H 
of BANK1). 

(2) When used as serial interface 

The serial interface (juCOM standard mode) 
function for these pins is selected by SIOEN. 


61 


REM 


Output 


CMOS 
push-pull 


Remote controller 
transmission 
output 


This pin outputs an infrared remote controller 
signal. The carrier frequency can be set from 16 to 
1,024 kHz. 


62 


v DD 






Power 


Device power supply 


63 
64 


X IN 
x OUT 


Input 
Output 




Main clock 
oscillation 


Connect a 4 MHz ceramic/crystal oscillator across 
these pins. 


65 


RESET 


Input 




Reset 


This pin inputs a system reset signal. 

The system is reset, when a lower-level signal is 

input to this pin for 50 jus or longer. 


66 


VREG 


Output 




Voltage regulator 
output 


This is the output pin for the voltage regulator. 
Connect an external 0.1 juF capacitor to this pin. 


67 


WDOUT 


Output 


CMOS 
push-pull 


Watchdog output 


This pin goes low, when overrunning, such as 
watchdog timer operation and stack overflow, is 
detected. 


68 
74 


XT| N 
XToUT 


Input 
Output 




Subclock 
oscillation 


Connect a 32 kHz crystal oscillator across these 
pins. 


71 


V L CDC 


Output 




LCD drive reference 
voltage adjustment 


This pin adjusts the reference voltage for the LCD 
driver. Connect variable resistors for reference 
voltage adjustment between V[_CD0 and V LCDC» 
and between V|_cdC and GND. 


70 
72 
73 


v LCD0 
VLCD1 
VLCD2 


Output 




LCD drive reference 
voltage output 


These pins output the reference voltages for the 
LCD driver. VlcdO outputs the reference voltage, 
V|_CD1 outputs a voltage two times the reference 
voltage (doubler output), and V[_cd2 outputs a 
voltage three times the reference voltage (tripler 
output). 

Connect variable resitors for reference voltage 
adjustment between VlcdO and v LCDCf and 
between V[_cdC ano - GND. In addition, connect 
a 0.47 mF capacitors between VlCDO and V LCD1» 
and VLCD2 and GND. 


74 
75 


CAPH 
CAPL 






Voltage raising 
capacitor 


Connect a 0.47 fxF capacitor, to raise the voltage 
across these pins. 
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Pin No. 


Symbol 


I/O 


Output 
format 


Pin name 


Function 


76 
77 


COM 
COM! 


Output 


CMOS 


Common signal 


These pins output the common signals from the 
LCO driver. In addition, LCD35/COM2 and 
LCD34/COM3 pins can also be used as common 
signal output pins. 

Whether the segment signal output function or 
common signal output function is selected is 
specified by LCDMDO and LCOMD1 registers 
(address 32H) for the register file. The number of 
display dots can be selected by the matrix of seg- 
ment signal output pins and common signal output 
pins, from 72, 105, or 136 dots. The bias is fixed 
to 1/3. Duty factors of 1/2, 1/3, and 1/4 can be 
selected, depending on the selected number of 
common signal output pins. The frame frequency 
can be selected by LCDCKO and LCDCK1 registers 
(address 31 H) for the register file. The dot corre- 
sponding to a segment signal output pin and a com- 
mon signal output pin, between which a potential 
difference of +Vdd 'S generated, illuminates. 
The display ON mode and display OFF mode for 
the LCD driver are selected by the LCDEN register 
(address 31 H) for the register file. In the display 
OFF mode, the common signal output pin outputs 
a signal waveform that extinguishes the display. 
When reset is effected by the RESET pin, the 
voltage detector, upon detecting a voltage drop, 
for the watchdog timer, the LCDEN register is set 
in the display OFF mode. 
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1.2 IN PROM PROGRAMMING MODE 



Pin name 


I/O 


Shared by: 


Function 


At reset 


CLK 


Input 


X|N 


Address updating clock input pin 




DO to D3 


I/O 


POAoto POA3 


8-bit data I/O pin 


Input 


D4 to D7 


POCo to POC3 


MDO to MD3 


Input 


POBo to POB3 


Operation mode selector pins 


Input 


Vpp 




INT 


Apply the program voltage (12.5 V) to this pin. In the 
ordinary operation mode, this pin is used as the INT pin. 
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1.3 I/O CIRCUITS 

The simplified I/O circuits schematic views for juPD17P207 pins are presented below. 
(1) POAotoPOA 3 



Output 
latch 



output 
disable 



Multiplexer 



V DD Vqd 



=0 



-@ 



777 




Input buffer 



(2) P0B toP0B 3 





Output 






latch 







output 
disable 



_r 



-@ 



777 




Input buffer 
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(3) POCotoPOC 3 



latch 



output 
disable 



Multiplexer 




Input buffer 



(4) P0D toP0D 3 

V D D 




Input buffer 
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(5) P1A toP1A 2 



Output 
latch 



Output 
disable 



V D D 



o 



-@ 



777 




Input buffer 



(6) RESET 




Input buffer 
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2. WRITING, READING, AND VERIFYING ONE-TIME PROM (PROGRAM MEMORY) 

When the PROM is to be written, read, or verified, juPD17P207 is set in the PROM mode, and the pins shown 
in Table 2-1 are used. 

No address has to be input. Instead, the address is incremented by the clock input from the CLK pin. 



Table 2-1 Pins Used to Write/Read/Verify Program Memory 



Pin name 


Function 


Vpp 


Apply program voltage (12.5 V) to this pin. 

This pin is used as INT pin in ordinary operation mode. 


CLK 


Address incrementing clock input pin. 


MDq to MD 3 


Operation mode selector pins. 


D to D 7 


8-bit I/O pins. 


V D D 


Apply operating voltage (6 V) to this pin. 
Apply 2.2 to 5.5 V in ordinary operation mode. 
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2.1 OPERATION MODES FOR PROGRAM MEMORY WRITE, READ, AND VERIFY 

/iPD17P207 is set in the program memory write, read, or verify mode, when +6 V is applied to pin Vqd* and 
+12.5 V is applied to pin Vpp, after being placed in the reset status (Vqd = 5 V, RESET = low level) for a certain 
period of time. 

The operation modes, selected by pins MDO through MD3, are listed in Table 2-2. 

Any pins not used to write, read, or verify the program memory must be grounded through pull-down resistors 
(470 ft). 



Table 2-2 Operation Modes for Program Memory Write, Read, and Verify 



Operation mode selection 


Operation mode 


Vpp 


V D D 


MDO 


MD1 


MD2 


MD3 


+12.5 V 


+6 V 


H 


L 


H 


L 


Program memory address clear 


L 


H 


H 


H 


Write mode 


L 


L 


H 


H 


Read, verify mode 


H 


X 


H 


H 


Program inhibit mode 



Remarks: x: L or H 
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2.2 PROGRAM MEMORY WRITING PROCEDURE 

Write the program memory by following these steps. The program memory can be written at high speeds. 

(1) Pull down the unused pins to the ground potential through resistors. Make the pin CLK low. 

(2) Apply 5 V to pin Vdd- Make pin Vpp low. 

(3) Wait for 10 jus. Then, apply 5 V to pin Vpp. 

(4) Set the program memory address clear mode by the mode selector pins. 

(5) Apply 6 V to pin V DD , and 12.5 V to pin Vpp. 

(6) Program inhibit mode 

(7) Write data in the 1 ms write mode. 

(8) Program inhibit mode 

(9) Verify mode. Proceed to (10), if the memory has been written. If it has not been written, repeat (7) 
through (9). 

(10) Additional writing for (the number of times (7) through (9) are repeated: X) x 1 ms 

(11) Program inhibit mode 

(12) Input a pulse four times to pin CLK, in order to increment the program memory address (by one). 

(13) Repeat (7) through (12), until the last address is programmed. 

(14) Program memory address clear mode 

(15) Decrease the voltages on pin Vqd and Vpp to 5 V. 

(16) Turn power off. 



The following figure illustrates steps (2) through (12) above. 

X times repetition 



Reset 



- Write - 



- Verify - 



Vpp 



Vpp 

vdd 

GND 



-Additional write- 



_ Address 
increment 



vdd 



Vdd+1 
v D d 

GND 
X|N 



D to Ds 



Data input 



-c 



MD 



MDi 



j v 



MD2 



MD3 



J~ 
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2.3 PROGRAM MEMORY READING PROCEDURE 

(1 ) Pull down the unused pins to the ground potential through resistors. Make the pin CLK low. 

(2) Apply 5 V to pin Vqd- Make pin Vpp low. 

(3) Wait for 10 /is. Then, apply 5 V to pin Vpp. 

(4) Set the program memory address clear mode by the mode selector pins. 

(5) Apply 6 V to pin V DD , and 12.5 V to pin Vpp. 

(6) Program inhibit mode 

(7) Verify mode. The data for each address is output on a one-by-one basis in a cycle during which the clock 
pulse is input to pin CLK four times. 

(8) Program inhibit mode 

(9) Program memory address clear mode 

(10) Decrease the voltages on pin Vqd and Vpp to 5 V. 

(11) Turn power off. 

The following figure illustrates steps (2) through (9) above. 



Vdd 
GND 



'DD+1 j- 

V DD / ' 

GND — / 



AAAAAAAAAAA 



Dq to Ds ^ Data output ^ Data output 



MD 



MDi 



MD2 



MD3 
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3. ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS (T a - 25 °C) 



Supply Voltage V DD -0.3 to +7.0 V 

. . w P0B0-P0P3 -0.3 to V DD +0.3 V 

Input Voltage Vi 

All pins, except P0B0-P0P3 -0.3 to V DD +0.3 V 

Operating Temperature T opt —20 to +75 °C 

Storage Temperature T stg -40 to +125 °C 



CAPACITANCE (T a = 25 °C, V DD = V) 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITIONS 


Input Capacitance 


C|N 






10 


pF 


Pins INT, SI, RESET 


CpiN 






10 


pF 


Other than pins INT, SI, RESET 



RECOMMENDED OPERATING RANGE 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITIONS 


Supply Voltage 


V DD1 


2.2 


3.0 


5.5 


V 


f X = 4 MHz 


V DD2 


3.5 


5.0 


5.5 


V 


fX = 8 MHz 


Main Clock Oscillation Frequency 


*X 


2.0 


4.0 


8.0 


MHz 




Subclock Oscillation Frequency 


*XT 




32.768 




kHz 





2-476 



NEC 



UPD17P207 



DC CHARACTERISTICS (V D D=2.2 to 5.5 V, T a =-20 to +75 °C, f x =4 MHz, f XT =32 kHz) 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITIONS 


Operating Supply Voltage 


V D D 


2.2 


3.0 


5.5 


V 




High-Level Input Voltage 


V|H1 


2.4 






V 


RESET pin 


V IH2 


2.1 






V 


Other than RESET pin 


Low-Level Input Voltage 


V|L1 






0.6 


V 


RESET pin 


V|L2 






0.9 


V 


Other than RESET pin 


High-Level Input Current 


'IH1 






0.2 


MA 


INT pin 


V| H = 3.0 V 


1 1 1_| 2 






0.2 


mA 


RESET pin 


V| H = 3.0V 


l|H3 






0.2 


ma 


P0A-P1Apin 


V| H = 3.0 V 


Low- Level Input Current 


'IL1 






0.2 


ma 


INT pin 


V|L = 0V 


'IL2 






0.2 


m a 


RESET pin 


V|L = V 
w/o 

pull-up resistor 


' I L3 


20 


50 


100 


mA 




V|l = V 
w/pull-up resistor 


'lL4 






0.2 


m a 


P0A pin 


V| L = V 
pull-up resistor 


>IL5 


6 


12 


20 


ma 




Vn = V 

v ||_ u v 

w/pull-up resistor 


1 1 L6 






0.2 


MA 


P0B, P0C, POD, P1 A 
pin 


V| L = V 


High- Level Output Current 


>OH1 


0.6 


2.0 


4.0 


mA 


P0A, POD, PIApin 


V H = 2.7 V 


'OH2 


7.0 


15.0 


25.0 


mA 


REM pin 


V H = 1.0 V 


Low- Level Output Current 


•OL1 


0.5 


1.5 


2.5 


mA 


P0A, POD, PIApin 


Vol = 0.3 V 


>OL2 


0.5 


1.5 


2.5 


mA 


P0B, P0C pin 


Vol = o.3 v 


'OL3 


0.5 


1.5 


2.5 


mA 


REM pin 


v ol = o.3 v 


Supply Current 


>DD1 


0.2 


0.5 


1.5 


mA 


Operation mode 


Both XT and X 
oscillate 


>DD2 




15 


30 


MA 


Only XT oscillates 


'DD3 




0.5 


1.5 


mA 


HALT mode 


Both XT and X 
oscillate 


•DD4 




10 


15 


juA 


Only XT oscillates 


LCD Output Voltage 
Variable Range 


Vlcdo 


0.6 




1.8 


V 






Doubler Output Voltage 


VLCD1 


1-9 vlcdo 


2 vlcdo 




V 






Tripler Output Voltage 


v LCD2 


2.85 vlcdo 


3 vlcdo 




V 






Common Output Current 


'com 


30 






MA 


V DS = 0.2 V 




Segment Output Current 


'LCD 


5 






juA 


V DS = 0.2 V 




Low-Voltage Detection 
Voltage 1 


V DET1 


1.6 


2.0 


2.5 


V 






Low- Voltage Detection 
Voltage 2 


VDET2 


1.9 


2.2 


2.9 


V 
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CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITIONS 


A/D Converter Current 
Dissipation 


>DD5 




60 


120 


MA 


V A DC = 3 V 


A/D Converter Absolute 
Accuracy 






±1 


±2 


LSB 


VADC = 3 V 


AC CHARACTERISTICS (T a = -20 to +75 °C, V D D = 2.2 to 5.5 V) 


CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITIONS 


Main Clock Oscillation 
Frequency 


fx 


2.0 




4.0 


MHz 


V DD = 2.2 to 5.5 V 


2.0 




8.0 


MHz 


V DD = 3.5 to 5.5 V 


Subclock Oscillation 
Frequency 


fXT 




32.768 




kHz 




INT Input High- Level 
Width 


t|NTH 


50 






jus 




RESET Low- Level Width 


tRSL 


50 






/us 





2-478 



SEC 



|iPD17P207 



RECOMMENDED OSCILLATOR 

MAIN SYSTEM CLOCK: CERAMIC OSCILLATORS 



Manufacturer 


Product name 


External capacitance 
(pF) 


Oscillation voltage range 
(V) 


Remarks 


C1 


C2 


MIN. 


MAX. 


Murata Mfg 


CSA3.58MG 


30 


30 


2.0 


6.0 




CSA4.00MG 


30 


30 


2.0 


6.0 




CSA4.19MG 


30 


30 


2.0 


6.0 




CST3.58MGW 


unnecessary 


unnecessary 


2.0 


6.0 


C-contained type 


CST4.00MGW 


unnecessary 


unnecessary 


2.0 


6.0 


CST4.19MGW 


unnecessary 


unnecessary 


2.0 


6.0 


Kyocera 


KBR3.58MS 


33 


33 


2.0 


6.0 




KBR4.00MS 


33 


33 


2.0 


6.0 




KBR4.19MS 


33 


33 


2.0 


6.0 




Toko 


CRHF4.00 


18 


18 


2.0 


6.0 




Dai-Shinku 


PRS0400BCSAN 


39 


33 


2.0 


6.0 





MAIN SYSTEM CLOCK: CRYSTAL OSCILLATOR 



Manufacturer 


Frequency 
(MHz) 


Retainer 


External capacitance 
(pF) 


Oscillation voltage range 
(V) 


Remarks 


C1 


C2 


MIN. 


MAX. 


Kinseki 


4.0 


HC-49U-S 


22 


22 


2.0 


6.0 





Oscillator 



X|N x OUT 





— IDI — 






Z C1 z 


Z C2 



It 
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SERIAL INTERFACE AC CHARACTERISTICS (T a =-20 to +75 °C, Vdd=2.2 to 5.5 V) 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITIONS 


SCK Cycle Time 


*KCY 


2.0 






MS 


V DD =4.5to 5.5 V 


Data input 


10.0 






MS 


Data output 


5.0 






MS 




Data input 


13.0 






MS 


Data output 


SCK Low- Level Width 


*KH,tKL 


1.0 






MS 


VDD = 4.5to 5.5 V 


Data input 


5.0 






MS 


Data output 


2.5 






MS 




Data input 


6.5 






MS 


Data output 


SI Setup Time (vs. SCK t ) 


l SIK 


100 






ns 




SI Hold Time (vs. SCK t ) 


*KS 


100 






ns 




SCK i -* SO Output Delay Time 


*KSO 






4.5 


MS 


C L =100pF 



SERIAL TRANSFER TIMING 
3-line serial I/O mode: 
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DC PROGRAMMING CHARACTERISTICS (T a =25 °C, V D d=6.0±0.25 V, Vpp=12.5±0.5 V) 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITIONS 


High-Level Input Voltage 


V|H1 


0.7 V DD 




VDD 


V 


Other than CLK 


V(H2 


Vdd-0.5 




v D d 


V 


CLK 


Low-Level Input Voltage 


V|L1 







0.3 V DD 


V 


Other than CLK 


V|L2 







0.4 


V 


CLK 


Input Leakage Current 


"L1 






10 


MA 


V|N = V|Lor V| H 


High-Level Output Voltage 


V H 


vdd-10 






V 


'OH = -1 mA 


Low- Level Output Voltage 


VOL 






0.4 


V 


lOL = 1.6 mA 


Vqd Supply Current 


'dd 






30 


mA 




Vpp Supply Current 


Ipp 






30 


mA 


MD0 = V|i_, MD1 = V|H 



Note 1 : Keep Vpp to below +1 3.5 V, including the overshoot. 
2: Apply Vqd before Vpp, and remove Vdd a ^ ter Vpp. 
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AC PROGRAMMING CHARACTERISTICS (T a = 25 °C, Vqd - 6.0±0.25 V, Vp P - 12.5±0.5 V) 



CHARACTERISTICS 


SYMBOL 


*1 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITIONS 


Address Setup Time* 2 (vs. M DO 1) 


*AS 


*AS 


2 






MS 




M01 Setup Time (vs. MDO 1) 


l M1S 


x OES 


2 






MS 




Data Setup Time (vs. MDO I) 


tDS 


tQS 


2 






MS 




Address Hold Time* 2 (vs. MDO t) 


*AH 


*AH 


2 






Ms 




Data Hold Time (vs. MDO t) 


*DH 


tDH 


2 






MS 




MDO t-* Data Output Float Delay Time 


*DF 


tQF 







130 


MS 




Vpp Setup Time (vs. MD3 t) 


*VPS 


t\/PS 


2 






MS 




V/qd Setup Time (vs. MD3 t) 


t\/DS 


t\/CS 


2 






MS 




Initial Program Pulse Width 


tpw 


tpw 


0.95 


1.0 


1.05 


ms 




Additional Program Pulse Width 


tQPW 


tQPW 


0.95 




21.0 


ms 




MDO Setup Time (vs. MD1 t) 


tMOS 


*CES 


2 






MS 




MDO Data Output Delay Time 


tDV 


tDV 






1 


MS 


MDO = MD1 = V|L 


MD1 Hold Time (vs. MDO I) 


t M1 H 


tQEH 


2 






MS 


tMIH+tMIR ^ 5 MS 


MD1 Recovery Time (vs. MDO 1) 


<M1R 


tOR 


2 






MS 


Program Counter Reset Time 


tPCR 




10 






MS 




CLK Input High- Low-Level Width 


*XH. l XL 


_ 


0.125 






MS 




CLK Input Frequency 


fx 


_ 






4 


MHz 




Initial Mode Set Time 


t| 




2 






MS 




MD3 Setup Time (vs. MD1 t) 


*M3S 




2 






MS 




MD3 Hold Time (vs. MD1 1) 


t M3H 




2 






MS 




MD3 Setup Time (vs. MDO I) 


t M3SR 




2 






MS 


When program memory is read 


Address* 2 -* Data Output Delay Time 


*DAD 


tACC 






2 


MS 


When program memory is read 


Address* 2 Data Output Hold Time 


*HAD 


tOH 







130 


MS 


When program memory is read 


MD3 Hold Time (vs. MDO t) 


<M3HR 




2 






MS 


When program memory is read 


MD3 I - * Data Output Float Delay Time 


*DFR 




2 






MS 


When program memory is read 


Reset Setup Time 


tRES 




10 






MS 





*1 : Symbols for corresponding juPD27C256 

•2: The internal address signal is incremented by one at the falling edge of the third CLK input and is not connected to a pin. 
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PROGRAM MEMORY WRITE TIMING 



1 



— — |tp ( 

-Jr 



— *-|t P 



j ^Data input] } 1 output £ II Data input"j h-— 

— "4 DS f— -^L - U-H U- 7" -H r- tD 

h4 t H t DV t DF — H^s— .J 

-uTj' — 1 — \a 

_ . tpw ■ tM1 R »-jtMOS 



tXH 



tDH 
tAH- 



— (Data input) -^- 



tMIS tM1H 



PROGRAM MEMORY READ TIMING 
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4-BIT SINGLE-CHIP MICROCONTROLLER 
WITH LCD CONTROLLER/DRIVER FOR INFRARED REMOTE CONTROLLER 



juPD17202A is a 4-bit single-chip microcontroller containing an LCD controller/driver and an infrared remote 
controller carrier generator circuit. 

This microcontroller employs the 17K architecture and can execute transfer and arithmetic operations with a 
single 16-bit instruction between data memory addresses and between the data memory and a peripheral circuit. 

juPD17202A is housed in a 64-pin plastic QFP. 

FEATURES 

• 17K architecture 

• Program memory (ROM): 2048 x 16 bits 

• Data memory (RAM): 112x4 bits 

• Internal infrared remote controller carrier generator 

• Internal LCD controller/driver (can display up to 96 segments) 

Common pins: 4, segment pins: 24 (two of the common pins can also be used as segment pins), internal LCD 
constant voltage supply circuit: LCD drive voltage can be arbitrarily set at 2.4 to 5.4 V by external resistor 

• I/O ports: 16 

• External interrupt pin: 1 

• Stack levels: 5 (two interrupt levels) 

• 8-bit timer: 1 channel 

• Watch timer: 1 channel (used as watchdog timer or watch timer) 

• Standby function: STOP and HALT 




(to reduce current dissipation) 



Instruction execution time: 4/is 



(with 4 MHz ceramic oscillator) 



Operation clock: 4 MHz or 32 kHz 
Operating voltage range: 2.2 to 5.5 V 



ORDERING INFORMATION 



Order Code 



Package 



Quality Grade 



/iPD17202AGF-xxx-3BE 



64-pin plastic QFP 



Standard 
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PIN CONFIGURATION (Top View) 



COM3/LCD24O- 

LCD 2 30- 
LCD22O- 
LCD 21 0- 
LCD 20 O- 
LCD 19 0- 
LCD 18 0- 
LCD 170 - 
LCD 16 <>- 
LCD 15 0- 
LCD 14 0- 
LC0 13 O- 
LCD 12 0- 
LCDnO- 
LCD 10 O- 
LCDgO- 
LCD 8 0- 
LCD7O- 
LCD 6 0- 



111 



t 8 o 8 

< -I Z -I 

o > o > 

Q Q Q 



64 63 62 61 60 



Q h- O 

O UJ LU 

_i q tr 

> > > 

P P P 



X 

Q 



58 57 56 55 54 53 52 



51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 



20 21 22 23 24 25 26 27 28 29 30 31 



l l l l o o I o 1 I 1 I \ 



§ 8* f 8 8 § § 

-j -j -j _j j _j 5 



6 

- £ £ 



£ £ 



£ 



-Oxt, n 



-OVDOUT 



-O RESET 



-OXquT 



-Ox, N 



-OVdd 



-OREM 



K>TMOUT/LED 



►OPOD3 



-OP0D 2 



-OP0D! 
-OPODq 



-OPOC3 
K>P0C 2 



►OP0C! 



►OPOCo 
-OPOB3 



•OPOB2 
-OP0B 1 
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BLOCK DIAGRAM 



POAt 
P0A 2 
P0A 3 



P0B 
POBt 
P0B 2 
POB3 



poc 

PO^ 

P0C 2 

POC3 o 



POD 
PODt 
P0D 2 
POD3 



REM O- 



TMOUT/LED O- 





POA 


) 


) 


) 


) 





POB 


) 


) 


) 


) 



« 





POC 


) 

) 




) 


) 



« 





POD 


) 


) 


) 


) 



/ — N 
W 



Voltage 
Detecter 



Y—V 



RAM 

112x4 bit 



| SYSTEM REG. 




Power 
Supply 
Circuit 



-A LCD 

/ Controller 



W 



, TT , 

| Program Counter | 



xr 



Stack 5x11 bits 



-O VDOUT 
-o V DET 

-o v REG 
-o V DD 
-O CAPH 
-O CAPL 
-O v LCDO 
— O V LCD1 
— O VLCD2 

-o v LC dc 

-O GNDq 
-O GND-, 

-O LCD 

— O LCD-] 

— O LCD 2 

— O LCD3 

— O LCD 4 



Interrupt 




Controller 


C 



-O LCD 2 3 

~~° COM3/LCD24 

-O COM 2 /LCD 2 5 

— O COM-j 

-O COM 



-O INT 



-O RESET 



Clock Stop 



Watch Timer 



]--<r 



-o xqut 



-O XT| N 
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1. PIN FUNCTIONS 
1.1 PIN FUNCTION LIST 



PIN NO. 


SYMBOL 


PIN NAME 


FUNCTION 


OUTPUT TYPE 


28 
29 
30 
31 


P0A 
POAi 
P0A 2 
P0A 3 


Port OA 


These pins constitute a 4-bit I/O port which can be 

set in input or output mode in 4 bit units. 

In output mode, the port serves as a CMOS output 

port. In input mode, the port serves as a CMOS 

input port with pull-up resistor and can be used for 

key return input for a key matrix. 

If any one of these pins is made low in standby 

mode, the standby mode is released. 


CMOS 


32 
33 
34 
35 


POB 
POBt 
P0B 2 
POB3 


Port OB 


These pins constitute a 4-bit I/O port which can be 

set in input or output mode in 4 bit units. 

In output mode, the port serves as a CMOS output 

port. In input mode, the port serves as a CMOS input 

port with pull-up resistor and can be used for key 

return input for a key matrix. 

If any one of these pins is made low in standby 

mode, the standby mode is released. 


CMOS 


36 
37 
38 
39 


POCo 
POC) 
POC2 
POC3 


Port OC 


These pins constitute a 4-bit I/O port which can be 
set in input or output mode in 4 bit units. 
In output mode, the port serves as an N-ch open- 
drain port and can be used for key source output for 
3 key mstrix. In input mod©, th6 port S6rv6s ss 3 
CMOS input port. 

The standby mode cannot be set, when any one of 
these pins outputs a high level. 


N-ch open drain 


40 
41 
42 
43 


POD 
POD-, 
POD 2 
POD3 


PortOD 


These pins constitute a 4-bit I/O port which can be 
set in input or output mode in 4 bit units. 
In output mode, the port serves as an N-ch open- 
drain port and can be used for key source output for 
a key matrix. In input mode, the port serves as a 
CMOS input port. 

The standby mode cannot be set, when any one of 
these pins outputs a high level. 


N-ch open drain 


27 


INT 


External 
interrupt 
input 


This CMOS input pin inputs an external interrupt 
signal. 




44 


TMOUT/LED 


Remote 

controller 

transfer/ 

display 

output 


This pin outputs an NRZ (LED) signal in synchroni- 
zation with an infrared remote controller signal, or 
8-bit timer's output signal (TMOUT). When the NRZ 
signal is selected and while the remote controller 
carrier is output, this pin remains low. 


CMPS 


45 


REM 


Remote 
controller 
transfer 
output 


This pin outputs an active-high infrared remote ■ 
controller signal. 


CMOS 


47 
48 


X IN 
XOUT 


Main clock 
oscillator 


Connect a 4 MHz ceramic/crystal oscillator across 
these pins. 
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PIN NO. 


SYMBOL 


PIN NAME 


FUNCTION 


OUTPUT TYPE 


49 


RESET 


Reset input 


This pin inputs the system reset signal. 

While a low level is input to this pin, main clock 

oscillation stops. 




50 


VDOUT 


Low 

voltage 

detector 

circuit 

output 


This is the output pin for the internal low-voltage 
detector circuit. It outputs a low level, if the supply 
voltage drops below the specified value. 


CMOS 


51 
52 


XT, N 
XTOUT 


Subclock 
oscillator 


Connect a 32 kHz crystal oscillator across these pins. 




53 


V REG 


Voltage 

regulator 

output 


This is the output pin for the voltage regulator for 
the XT oscillator. Connect an external 0.1 pF 
capacitor to this pin. 


- 


54 


VDET 


Voltage 

detector 

voltage 

adjuster 

circuit 


Connect a resistor, that adjusts the voltage level 
detected by the voltage regulator, between this pin 
and GND. The resistor is a variable resistor with 
several megohms resistance. 




55 


V|_CDC 


LCD driver 

reference 

voltage 

adjuster 

circuit 

input 


This pin adjusts the re 
driver. 

Example: 

VLCDC 
VLCDO 
V LCD1 
V LCD2 
CAPL 
CAPH 


ference voltage for the LCD 

55 

56 2 Mfi I 

57 0.47 M F T%~-* 

59 0.47 M F Jjfc 

60 0.47 M F ±T| 
0.47 M F^ 

61 


- 


56 
57 
59 


VlCDO 
V LCD1 
V L CD2 


LCD 

driver 

reference 

voltage 

output 


These pins output the voltage obtained by raising 
the reference voltage for the LCD driver. 
The reference voltage is the voltage on V|_cD0- 
Connect a 0.47 nF capacitor between V|_cD1 ancl 
V LCD2 and GND. 


_ 


60 
61 


CAPL 
CAPH 


Voltage 

raising 

capacitor 


Connect a 0.47 nF capacitor across these pins to 
raise the voltage. 


- 


62 

63 


COM 
COMi 


Common 
output 


LCD drive common output pins. 


CMOS 


64 

1 


LCD 2 5/COM 2 
LCD24/COM3 


Common/ 

segment 

output 


These pins can be used to output either LCD drive 
common or segment signals. 


CMOS 


2-25 


LCD 2 3-LCD 


Segment 
output 


These are LCD drive segment output pins. 


CMOS 


46 


V D D 


Power 


Power supply pin. 

The operating voltage range is from 2.2 to 5J5 V. 




26 
58 


GNDq 
GND-| 


Ground 


Ground pin 
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1.2 INPUT/OUTPUT CIRCUITS 

The input/output circuit for each jiPD17202A's pin is shown below. 
(1) POA0-POA3, POB0-POB3 



Output 
latch 



output _ 
disable 



Multiplexer 



(2) POC0-POC3, POD0-POD3 



V DD V DD 



■3> 



O 



777 




Input buffer 



-® 





Output 






latch 







output 
disable 



777 
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(3) RESET 



V D D 




Input buffer 
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2. ASSEMBLER KEYWORDS 

2.1 MASK OPTION DIRECTIVES 

When developing the jtzPD17202A program, mask options must be specified by using mask option directives in 
the program. 

The mask options must be specified for the following items: 

• POAo,POA 1f POA 2 , P0A 3 

• POBo, POB 1f P0B 2 , POB3 

• RESET 

• SYSTEM CLOCK 

2.1.1 OPTION and ENDOP Directives 

That portion of the program enclosed by the OPTION and ENDOP directives is called a mask option definition 
block. This block is described in the following format: 



Description: 



Symbol field 



Mnemonic field 



Operand field 



Comment field 



[label:] 



OPTION 



[; comment] 



ENDOP 



2.1.2 Mask Option Definition Directives 



Table 2-1 lists the directives that can be used in the mask option definition block. 
Here is an example of mask option definition: 



Description: 



Symbol field 



Mnemonic field 



Operand field 



[label:] 



OPTPOA 




POAPLUP , POAPLUP , OPEN , OPEN 



POA1 and POAo are open 
-•-POA2 is pulled up 



' — *~P0A3 is pulled up 
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Table 2-1 Mask Option Definition Directive* 





Directive 


Operands 


1st operand 


2nd operand 


3rd operand 


4th operand 








Maks option of 














RESET 














RESPLUP 








RESET 


OPTRES 


1 


(w/pull-up 
resistor) 
OPEN 
(w/o pull-up 
resistor) 














P0A3 


P0A2 


P0A1 


POAO 








Mask option 


Mask option 


Mask option 


Mask option 








POAPLUP 


POAPLUP 


POAPLUP 


POAPLUP 


P0A3- 
POAO 


OPTPOA 


4 


(w/pull-up 
resistor) 


(w/pull-up 
resistor) 


(w/pull-up 
resistor) 


(w/pull-up 
resistor) 








OPEN 


OPEN 


OPEN 


OPEN 








(w/o pull-up 


(w/o pull-up 


(w/o pull-up 


(w/o pull-up 








resistor) 


resistor) 


resistor) 


resistor) 








P0B3 


P0B2 


P0B1 


POBO 








Mask option 


Mask option 


Mask option 


Mask option 








POBPLUP 


POBPLUP 


POBPLUP 


POBPLUP 


P0B3- 
POBO 


OPTPOB 


4 


(w/pull-up 
resistor) 


(w/pull-up 
resistor) 


(w/pull-up 
resistor) 


(w/pull-up 
resistor) 








OPEN 


OPEN 


OPEN 


OPEN 








(w/o pull-up 


(w/o pull-up 


(w/o pull-up 


(w/o pull-up 








resistor) 


resistor) 


resistor) 


resistor) 








Main clock 


Subclock 












USEX 


USEXT 






SYSTEM 
CLOCK 


OPTCK 


2 


(main clock is 

used) 

NOX 

(main clock is 
not used) 


(subclock is 
used) 
NOXT 
(subclock is 
not used) 







2.2 KEYWORD SYMBOLS 

The symbols defined by the uPD17202A device file are listed in Table 2-2. 

The defined symbols are the following register file names, port names, and peripheral device names. 

2.2.1 Register File 

The names of the symbols assigned to the register file are defined. These registers are accessed by the PEEK and 
POKE instructions through the window register (WR). 

2.2.2 Registers and Ports on Data Memory 

The names of the registers assigned at addresses 00H through 7FH on the data memory and the names of ports 
assigned to address 70H and those that follow, and system register names are defined. 

2.2.3 Peripheral Circuits 

The names of peripheral circuits accessed by the GET and PUT instructions are defined. 
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Table 2-2 Keyword Symbols (1/3) 



Symbol 


Attribute 


Value 


R/W 


Remarks 


DBF3 


MEM 


O.OCH 


R/W 


Bits 15-12 of data buffer 


DBF2 


MEM 


O.ODH 


R/W 


Bits 11-8 of data buffer 


DBF1 


MEM 


O.OEH 


R/W 


Bits 7-4 of data buffer 


DBFO 


MEM 


O.OFH 


R/W 


Bits 3-0 of data buffer 


AR3 


MEM 


0.74H 


R 


Bits 15-12 of address register 


AR2 


MEM 


0.75H 


R/W 


Bits 11-8 of address register 


AR1 


MEM 


0.76H 


R/W 


Bits 7-4 of address register 


ARO 


MEM 


0.77H 


R/W 


Bits 3 of address register 


WR 


MEM 


0.78H 


R/W 


Window register 


BANK 


MEM 


0.79H 


R 


Bank register 


IXH 


MEM 


0.7AH 


R/W 


Bits 11-8 of index register 


MPH 


MEM 


0.7 AH 


R/W 


Bits 7 4 of memory pointer 


MPE 


FLG 


0.7AH.3 


R/W 


Memory pointer enable flag 


IXM 


MEM 


0.7BH 


R/W 


Bits 7-4 of index register 


MPL 


MEM 


0.7BH 


R/W 


Bits 3-0 of memory pointer 


IXL 


MEM 


0.7CH 


R/W 


Bits 3-0 of index register 


RPH 


MEM 


0.7DH 


R/W 


Bits 7-4 of register pointer 


RPL 


MEM 


0.7EH 


R/W 


Bits 3 of register pointer 


PSW 


MEM 


0.7FH 


R/W 


Program status word 


BCD 


FLG 


0.7EH.0 


R/W 


BCD flag 


CMP 


FLG 


0.7FH.3 


R/W 


Compare flag 


CY 


FLG 


0.7FH.2 


R/W 


Carry flag 


Z 


FLG 


0.7FH.1 


R/W 


Zero flag 


IXE 


FLG 


0.7FH.0 


R/W 


Index register enable flag 


LCDDO 


MEM 


0.40H 


R/W 


LCD segment 


LCDD1 


MEM 


0.41H 


R/W 


LCD segment 1 


LCDD2 


MEM 


0.42H 


R/W 


LCD segment 2 


LCDD3 


MEM 


0.43H 


R/W 


LCD segment 3 


LCDD4 


MEM 


0.44H 


R/W 


LCD segment 4 


LCDD5 


MEM 


0.45H 


R/W 


LCD segment 5 


LCDD6 


MEM 


0.46H 


R/W 


LCD segment 6 


LCDD7 


MEM 


0.47H 


R/W 


LCD segment 7 


LCDD8 


MEM 


0.48H 


R/W 


LCD segment 8 


LCDD9 


MEM 


0.49H 


R/W 


LCD segment 9 


LCDD10 


MEM 


0.4AH 


R/W 


LCD segment 10 


LCDD11 


MEM 


0.4BH 


R/W 


LCD segment 11 


LCDD12 


MEM 


0.4CH 


R/W 


LCD segment 12 


LCDD13 


MEM 


0.4DH 


R/W 


LCD segment 13 


LCDD14 


MEM 


0.4EH 


R/W 


LCD segment 14 


LCDD15 


MEM 


0.4FH 


R/W 


LCD segment 15 
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Table 2-2 Keyword Symbols (2/3) 



Symbol 


Attribute 


Value 


R/W 


Remarks 


LCDD16 


MEM 


0.50H 


R/W 


LCD segment 16 


LCDD17 


MEM 


0.51H 


R/W 


LCD segment 17 


LCDD18 


MEM 


0.52H 


R/W 


LCD segment 18 


LCDD19 


MEM 


0.53H 


R/W 


LCD segment 19 


LCDD20 


MEM 


0.54H 


R/W 


LCD segment 20 


LCDD21 


MEM 


0.55H 


R/W 


LCD segment 21 


LCDD22 


MEM 


0.56H 


R/W 


LCD segment 22 


LCDD23 


MEM 


0.57H 


R/W 


LCD segment 23 


LCDD24 


MEM 


0.58H 


R/W 


LCD segment 24 


LCDD25 


MEM 


0.59H 


R/W 


LCD segment 25 


POAO 


FLG 


0,70H.O 


R/W 


Bit of port OA 


P0A1 


FLG 


0.70H.1 


R/W 


Bit 1 of port OA 


P0A2 


FLG 


0.70H.2 


R/W 


Bit 2 of port OA 


P0A3 


FLG 


0.70H.3 


R/W 


Bit 3 of port OA 


POBO 


FLG 


0.71H.0 


R/W 


Bit of port OB 


P0B1 


FLG 


0.71H.1 


R/W 


Bit 1 of port OB 


P0B2 


FLG 


0.71H.2 


R/W 


Bit 2 of port OB 


P0B3 


FLG 


0.71H.3 


R/W 


Bit 3 of port OB 


POCO 


FLG 


0.72H.0 


R/W 


Bit of port 0C 


P0C1 


FLG 


0.72H.1 


R/W 


Bit 1 of port 0C 


P0C2 


FLG 


0.72H.2 


R/W 


Bit 2 of port 0C 


P0C3 


FLG 


0.72H.3 


R/W 


Bit 3 of port 0C 


PODO 


FLG 


0.73H.0 


R/W 


Bit of port 0D 


P0D1 


FLG 


0.73H.1 


R/W 


Bit 1 of port 0D 


P0D2 


FLG 


0.73H.2 


R/W 


Bit 2 of port 0D 


P0D3 


FLG 


0.73H.3 


R/W 


Bit 3 of port 0D 


SP 


MEM 


0.81H 


R/W 


Stack pointer 


SYSCK 


FLG 


0.82H.1 


R/W 


Selects system clock 


XEN 


FLG 


0.82H.0 


R/W 


Enables main clock 


WDTRES 


FLG 


0.83H.3 


R/W 


Resets watchdog timer 


WTMMD 


FLG 


0.83H.2 


R/W 


Selects watch timer mode 


WTMRES 


FLG 


0.83H.1 


R/W 


Resets watch timer mode 


VDDDET 


FLG 


0.87H.3 


R/W 


VDD detection flag 


INT 


FLG 


0.8FH.0 


R 


INT pin status 


NRZBF 


FLG 


0.91H.0 


R/W 


NRZ buffer data 


NRZ 


FLG 


0.92H.0 


R/W 


NRZ data 


IEG 


FLG 


0.9FH.0 


R/W 


Selects interrupt edge of INT pin 


TMOE 


FLG 


0.A4H.1 


R/W 


8- bit timer output enable flag 


IPWTM 


FLG 


0.AFH.2 


R/W 


Watch timer interrupt enable flag 


IP 


FLG 


0.AFH.1 


R/W 


INT interrupt enable flag 
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Table 2-2 Keyword Symbol* (3/3) 



Symbol 


Attribute 


Value 


R/W 


Remarks 


IPTM 


FLG 


O.AFH.O 


R/W 


8-bit timer interrupt enable flag 


LCDEN 


FLG 


0.B1H.3 


R/W 


LCD display enable flag 


LCDCK2 


FLG 


0.B1H.2 


R/W 


LCD display setting #2 


LCDCK1 


FLG 


0.B1H.1 


R/W 


LCD display setting #1 


LCDCKO 


FLG 


0.B1H.0 


R/W 


LCD display setting #0 


LCDMD3 


FLG 


0.B2H.3 


R/W 


LCD display setting #3 


LCDMD2 


FLG 


0.B2H.2 


R/W 


LCD display setting #2 


LCDMD1 


FLG 


0.B2H.1 


R/W 


LCD display setting # 1 


LCDMDO 


FLG 


0.B2H.0 


R/W 


LCD display setting #0 


TMEN 


FLG 


0.B3H.3 


R/W 


8-bit timer counter enable flag 


TMRES 


FLG 


0.B3H.2 


R/W 


8-bit timer reset flag 


TMCK1 


FLG 


0.B3H.1 


R/W 


Selects clock source of 8-bit timer 


TMCKO 


FLG 


0.B3H.0 


R/W 


Selects clock source of 8- bit timer 


PODGIO 


FLG 


0.B7H.3 


R/W 


POD port I/O setting flag 


POCGIO 


FLG 


0.B7H.2 


R/W 


POC port I/O setting flag 


POBGIO 


FLG 


0.B7H.1 


R/W 


POB port I/O setting flag 


POAGIO 


FLG 


0.B7H.0 


R/W 


POA port I/O setting flag 


IRQWTM 


FLG 


O.BDH.O 


R/W 


Watch timer interrupt request flag 


IRQ 


FLG 


O.BEH.O 


R/W 


INT interrupt request flag 


IRQTM 


FLG 


O.BFH.O 


R/W 


8-bit timer interrupt request flag 


DBF 


DAT 


OFH 


R/W 


Operand of GET and PUT instructions 


IX 


DAT 


01H 


R/W 


Index register 


TMC 


DAT 


02H 


R 


8-bit timer/counter 


TMM 


DAT 


02H 


W 


Modulo register of 8-bit timer 


NRZLTMM 


DAT 


03H 


R/W 


NRZ modulo register, low 


NRZHTMM 


DAT 


04H 


R/W 


NRZ modulo register, high 


AR 


DAT 


40H 


R/W 


Address register 
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3. HPD17202A INSTRUCTION SET 
3.1 INSTRUCTION SET OUTLINE 



b 15 





1 


Bin. 


Hex. 








ADD r, m 


ADD m, #i 


1 


1 


SUB r, m 


SUB m, #i 


10 


2 


ADDC r, m 


ADDC m, #i 


11 


3 


SUBC r, m 


SUBC m, . ,#i 


10 


4 


AND r, m 


AND m, #i 


10 1 


5 


XOR r, m 


XOR m, #i 


110 


6 


OR r, m 


OR m, #i 


111 


7 


INC AR 

INC IX 

MOVT DBF, <& AR 

BR @AR 

CALL <&AR 

RET 

RETSK 

EI 

DI 

RETI 

PUSH AR 
POP AR 
GET DBF, p 
PUT p, DBF 
PEEK WR, rf 
POKE rf, WR 
RORC r 
STOP s 
HALT h 
NOP 




10 


8 


LD r, m 


ST m, r 


10 1 


9 


SKE m, #i 


SKGE m, #i 


10 10 


A 


MOV fer, m 


MOV m, <&r 


10 11 


B 


SKNE m, #i 


SKLT m, #i 


110 


C 


BR addr 


CALL addr 


1 10 1 


D 




MOV m, #i 


1110 


E 




SKT m, #n 


1111 


F 




SKF m, #n 
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3.2 LEGEND 



M : Data memory address 

m : Data memory address except bank 

m H : Data memory row address 

mL : Data memory column address 

R : General register address 

r : General register column address 

RP : General register pointer 

RF Register file 

rf : Register file address 

rf H : Register file address (higher 3 bits) 

rf L : Register file address (lower 3 bits) 

AR : Address register 

IX Index register 

IXE Index enable flag 

DBF : Data buffer 

WR : Window register 

MP Data memory row address pointer 

MPE : Memory pointer enable flag 

PE : Peripheral register 

p : Peripheral address 

Ph : Peripheral address (higher 3 bits) 

PL : Peripheral address (lower 4 bits) 

PC Program memory counter 

SP : Stack pointer 

STACK : Stack value indicated by stack pointer 

BANK : Bank register 

(AR)rom : Data for program memory indicated by address register 

INTEF Interrupt enable flag 

i : Immediate data (4 bits) 

n : Bit position (4 bits) 

addr : Program memory address ( 1 1 bits) 

CY : Carry flag 

s : STOP releasing condition 

h HALT releasing condition 

[ I : Data memory or register address 

( ) : Data memory or register value 



2-498 



NEC 



LiPD17202A 



3.3 INSTRUCTION LIST 



a 

3 
O 


Mnemonic 


Operand 


Operation 


Machine code 


O 


OP code 


3 bits 


4 bits 


4 bits 




ADD 


r, m 


(R) - (R) 4- (M) 


00000 


m H 


m L 


r 




m, #i 


(M) - (M) + i 


10000 


m H 


m L 


i 


c 
_o 


ADDC 


r, m 


(R) — (R) + (M) + (CY) 


00010 


m H 


m L 


r 


Add 


m, #i 


(M) - (M) + i + (CY) 


10010 


m H 


m L 


i 




INC 


AR 


(AR) - (AR) + 1 


00111 


ooo 


1001 


0000 




IX 


(IX) - (IX) + 1 


00111 


000 


1000 


0000 


c 


SUB 


r, m 


(R) - (R) - (M) 


00001 


m H 


m L 


r 


jbtractio 


m, #i 


(M) — (M) - i 


10001 


m H 


m L 


i 


SUBC 


r, m 


(R) - (R) - (M) - (CY) 


00011 


m H 


m L 


r 


CO 


m, #i 


(M) - (M) - i - (CY) 


10011 


m H 


mL 




pare 


SKE 


m, #i 


(M) - i, skip if zero 


01001 


m H 


m L 


» 


SKGE 


m, #i 


(M) - i, skip if not borrow 


11001 


m H 


m L 




Com 


SKLT 


m, #i 


(M) - i, skip if borrow 


11011 


m H 


m L 


1 




SKNE 


m, #i 


(M) - i, skip if not zero 


01011 


m H 


m L 






AND 


m, #i 


(M) - (M) AND i 


10100 


m H 


m L 






r, m 


(R) - (R) AND (M) 


00100 


m H 


m L 


r 


;ical 


OR 


m, #i 


(M) - (M) OR i 


10110 


m H 


m L 


i 


Log 


r, m 


(R) - (R) OR (M) 


00110 


m H 


m L 


r 




XOR 


m, #i 


(M) - (M) XOR i 


10101 


m H 


m L 


i 




r, m 


(R) - (R) XOR (M) 


00101 










LD 




(R) — (M) 


01000 


m H 


m L 






ST 




(M) — (R) 


11000 












@r, m 


if MPE= 1 : [(MP), (R)] «- (M) 
if MPE= : [(m H ), (R)] - (M) 


01010 


m H 


m L 


r 




MOV 


m, @r 


if MPE= 1 : (M) - [(MP), (R)] 
if MPE= : (M) - [(m H ). <R)] 


11010 


m H 


m L 


r 






m, #i 


(M) -i 


11101 


m H 


m L 


i 


Transfer 


MOVT 


HDD 

L>£>r, 
@AR 


SP- (SP) - 1 , STACK -PC, 

DBF- (AR)rom, 

PC -STACK, SP- (SP) +1 


00111 


000 


0001 


0000 




PUSH 


AR 


(SP) - (SP) - 1 , (STACK) - (AR) 


00111 


000 


1101 


0000 




,POP 


AR 


(AR) - (STACK), (SP) - (SP) + 1 


00111 


000 


1100 


0000 




PEEK 


WR, rf 


(WR) - (RF) 


00111 


rf H 


0011 


rf L 




POKE 


rf, WR 


(RF) - (WR) 


00111 


rf H 


0010 


rf L 




GET 


DBF, p 


(DBF) - (PE) 


00111 


Ph 


1011 


PL 




PUT 


p, DBF 


(PE) - (DBF) 


00111 


Ph 


1010 


PL 


<L> 
00 


SKT 


m, #n 


CMP - 0, skip if M N = all "1" 


11110 


m H 


m L 


n 




SKF 


m, #n 


CMP - 0, skip if M N = all "0" 


11111 


m H 


m L 


n 
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3 


Mnemonic 


Operand 


Operation 


Machine code 


O 
O 


OP code 


3 bits 


4 bits 


4 bits 


nch 


BR 


addr 


PC «- addr 


01100 


addr 


Bra 


@AR 


PC *- AR 


00111 


000 


0100 


0000 


Shift 


RORC 


r 


(CY) -»■ (R) ->CY 


00111 


000 


0111 


r 




CALL 


addr 


SP*- (SP) -1, STACK *- ((PC) +1), 
PC-*- addr 


11100 


addr 


•routine 


@AR 


SP*- (SP) -1, STACK *- ((PC) +1), 
PC *— (AR) 


00111 


000 


0101 


0000 


.u 
3 

en 


RET 




PC*- (STACK), SP*- (SP) +1 


00111 


000 


1110 


0000 




RETSK 




PC*- (STACK), SP*- (SP) + 1 and skip 


00111 


001 


1110 


0000 




RETI 




PC*- (STACK), SP*- (SP) +1 


00111 


100 


1110 


0000 


t 


EI 




INTEF*-1 


00111 


000 


1111 


0000 




DI 




INTEF — 


00111 


001 


1111 


0000 




STOP 


8H 


STOP 


00111 


010 


1111 


1000 


Othei 


HALT 


h 


HALT 


00111 


011 


1111 


h 


NOP 




No operation 


00111 


100 


1111 


0000 
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3.4 ASSEMBLER (AS17K) MACROINSTRUCTIONS 

Legend 

flag : One of flagl -flagn 

flagl -flagn : Flag name indicated by keyword 

n : Number 

< > : Can be omitted 



Mnemonic 


Operand 


n 


Operation 


SKTn 


flagl, - flagn 


1 ^n^4 


if (flagl)- (flagn) = all "1", then skip 


SKFn 


flagl, ---flagn 


1 ^n^4 


if (flagl) - (flagn) = all "0 then skip 


SETn 


flagl, - flagn 


1 ^n^4 


(flagl)- (flagn) «- 1 


CLR 


flagl, •• -flagn 


1 ^n^ 4 


(flagl)- (flagn)- 


NOTn 


flagl, - flagn 


1 ^n^ 4 


if <flag)="0\ then (flag)«-l, 
if (flag) = " 1 ", then (flag)-O 


INITFLG 


< NOT > flagl, 
•<NOT> flagn 


n= 4 


if description = NOT flag, (flag)«-0 
if description = flag, (flag)«-l 
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4. ELECTRICAL CHARACTERISTICS 

absolute Maximum ratings (T a = 25 °o 

Supply Voltage Vqd 

Input Voltage V ( 

Operating Temperature T Q pt 

Storage Temperature T s tg 



RECOMMENDED OPERATING RANGE 



CAHR ACTER ISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITIONS 


Supply Voltage 


V D D1 


2.2 


3.0 


5.5 


V 


f x - 4 MHz 


V DD2 


3.5 


5.0 


5.5 


V 


f x » 8 MHz 


Main Clock Oscilla- 
tion Frequency 


fx 


2.0 


4.0 


5.0 


MHz 




Subclock Oscillation 
Frequency 






32.768 




kHz 




CAPACITANCE (T a - 25 °C, V DD = V) 


CAHR ACTER ISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITIONS 


Input Capacitance 


C|N 






10 


PF 


INT, RESET pins 


CPIN 






10 


PF 


Other than INT, RESET pins 



SEC 



-0.3 to +7.0 V 

-0.3 to V DD + 0.3 V 

-20 to +75 °C 

-40 to +125 °C 
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DC CHARACTERISTICS (V DD = 3 V, T a = -20 to +75 °C, f x = 4 MHz, f XT = 32 kHz) 



CAHRACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITIONS 


Low Voltage 
Detection Voltage 


VDET 


1.3 


2.0 


2.9 


V 




High-Level Input 
Voltage 


V|H1 


0.8V DD 




V D D 


V 


RESET, INT pins 


V|H2 


0.7V DD 




v D d 


V 


Other than RESET, INT pins 


Low-Level Input 
Voltage 


VlLI 







0.2V DD 


V 


RESET, INT pins 


VIL2 







0.3V DD 


V 


Other than RESET, INT pins 


High-Level Input 
Current 


"lH1 






0.2 


MA 


INT pin 


V|H =V DD 


'|H2 






0.2 


ma 


n col i |Jin 


V IH = V DD 








0.2 


ma 


Pfl A-Pfin nin 

rvM rvU pin 


V IH = V DD 


Low-Level Input 
Current 


1 1 |_i 






-0.2 


ma 


IMT nin 

mm i pin 




'lL2 






-0.2 


ma 




y|^ = V 

w/o pull-up resistor 


•lL3 


-20 


-50 


-100 


ma 


RESET pin 


V| L = V 
w/pull-up resistor 


III A 

ML4 






-0.2 


ma 


P0A, P0B pins 


V| L = V 

w/o pull-up resistor 


III K 

'I Lb 


-6 


-12 


-20 


ma 


V| L = V 
w/pull-up resistor 


>IL6 






-0.2 


ma 


P0C, POD pins 


V| L = V 


High-Level Output 
Current 


•OH1 


-0.6 


-2.0 


-4.0 


mA 


P0A, P0B pins 


VOH " VDD - 0.3 V 


'OH2 


-7.0 


-15.0 


-25.0 


mA 


REM pin 


VOH = VDD ~ 2.0 V 


'OH3 


-0.3 


-1.0 


-2.0 


mA 


LED pin 


VOH = VDD ~ 0.3 V 


High-Level Output 


>OH4 


-0.3 


-1.0 


-2.0 


mA 


VDOUT pin 


VOH = VDD - 0.3 V 


Low-Level Output 
Current 


'OL1 


0.5 


1.5 


2.5 


mA 


P0A, POB pins 


vql = o- 3 v 


>OL2 


0.5 


1.5 


2.5 


mA 


P0C, POD pins 


vql = o.3 v 


'OL3 


0.5 


1.5 


2.5 


mA 


REM pin 


Vql = o.3 v 


'OL4 


0.5 


1.5 


2.5 


mA 


LED pin 


Vql = o.3 v 


'OL5 


0.5 


1.5 


2.5 


mA 


VDOUT pin 


Vql = °-3 v 


Supply Current 


'DD1 


0.2 


0.5 


1.5 


mA 


Operation 
mode 

HALT mode 


XT and X 


'DD2 




15 


30 


MA 


Only XT 


•DD3 




0.5 


1.5 


mA 


XT and X 


'DD4 




10 


15 


MA 


Only XT 


LCD Output Voltage 
Adjustable Range 


v LCD0 


0.6 




1.8 


V 




Doubler Output 
Voltage 


V LCD1 


1-9 V LCD0 


2V|_CD0 




V 




Tripler Output 
Voltage 


VLCD2 


2.85V LCD o 


3V L CD0 




V 




Common Output 
Current 


"COM 


30 






MA 


V DS - 0.2 V 


Segment Output 
Current 


'LCD 


5 






ma 


V D S=0.2 V 
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RECOMMENDED OSCILLATORS 

MAIN SYSTEM CLOCK: CERAMIC OSCILLATOR 



MANUFACTURER 


PRODUCT 
NAME 


EXTERNAL 
CAPACITOR (pF) 


OSCILLATION 
VOLTAGE (V) 


RcMAnK.5 


C1 


C2 


MIN. 


MAX. 


Murata Mfg. 


CSA3.58MG 


30 


30 


2.0 


6.0 




CSA4.00MG 


30 


30 


2.0 


6.0 




CSA4.19MG 


30 


30 


2.0 


6.0 




CST3.58MGW 


none 


none 


2.0 


6.0 


C contained 
type 


CST4.00MGW 


none 


none 


2.0 


6.0 


CST4.19MGW 


none 


none 


2.0 


6.0 


Kyocera 


KBR3.58MS 


33 


33 


2.0 


6.0 




KBR4.0MS 


33 


33 


2.0 


6.0 




KBR4.19MS 


33 


33 


2.0 


6.0 




Toko 


CRHF4.00 


18 


18 


2.0 


6.0 




Dai-Shinku 


PRS0400BCSAN 


39 


33 


2.0 


6.0 





MAIN SYSTEM CLOCK: CRYSTAL OSCILLATOR 



MANUFACTURER 


FREQUENCY 
(MHz) 


RETAINER 


EXTERNAL 
CAPACITOR (pF) 


OSCILLATION 
VOLTAGE (V) 


REMARKS 


C1 


C2 


MIN. 


MAX. 


Kinseki 


4.0 


HC-49U-S 


22 


22 


2.0 


6.0 





Oscillator circuit 



X|NI X OUT I 










Z C1 z 


Z C2 









2-504 



NEC 



^iPD17202A 



5. APPLICATION CIRCUIT EXAMPLE 



0.47 mF 



0.47 mf C: 
/7T) 



m XI 

777^ 



0.47 mF 



] 



CE 
E 
(2 

CE 

C 

EE 

OS 
E 
G2 
E3 

tn 

GS 
01 
EZ 

cm 
on 



I 32 kHz]_ 



0.47 mF 



fl7 



3? 



0.1 mF 



o 



S3 



23- 



8 



33-m mmm mm m m )- 



BHHHHHHHHTOT 



1.1 mF 

53L 



-vdo 



2SC2001 



EH 

33- 



< y-i m >— < m m M M >• 



23- 



■(>—<)— (MM)— (MM^ 
23-HHH MMMMM^ 



2|-MMMMMMMM> 



23-MMMMMMMM^ 



<MMMMMM)— ()- 



Key matrix 



" V D D 
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/iPD17P202A is a model of juPD17202A which is equipped with a one-time PROM in place of the /xPO17202A 
internal mask ROM. 

Since the user can write the program to juPD17P202A, the microcomputer is suitable for experimental or small- 
scale production of juPD1 7202A systems. 

It is recommended that you also read the documents related to /iPD17202A, in addition to this data sheet 

FEATURES 

• Compatible with juPD17202A 

• Internal one-time PROM: 2,048 x 16 bits 

• Operating voltage range: 2.2 to 5.5 V 

ORDERING INFORMATION 

Order Code Package Quality Grade 

jiiPD17P202AGF-001-3BE 64-pin plastic QFP (14 x 20 mm) Standard 

MPD17P202AGF-002-3BE 64-pin plastic QFP (14 x 20 mm) Standard 

juPD17P202AGF-003-3BE 64-pin plastic QFP (14 x 20 mm) Standard 
Note: Table below indicates differences in these products: 



Item 

Part number 


Pull-up 
resistor 
for RESET pin 


Pull-up 
resistors for 
POA, POB pins 


Main clock 
generator 
used/unused 


Subclock 
generator 
used/unused 


MPD17P202AGF-001-3BE 


Provided 


Provided 


Used 


Used 


MPD1 7P202AGF-002-3BE 


Not provided 


Provided 


Used 


Unused 


juPD1 7P202AGF-003-3BE 


Not provided 


Not provided 


Unused 


Used 
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PIN CONFIGURATION (Top View) 
(1) Ordinary operation 



_i Q r" 



a o 
_i _i 
> > 



TYTTTTTTTTTT 




64 63 62 61 
1 


60 59 58 57 


56 55 54 53 52^ 


2 

O 




50 
49 


4 




48 


5 
6 




47 
46 


7 




45 


8 
9 

10 
11 


T3 

a 

-o 
o 

> 

o 

Tl 
CO 


44 
43 
42 
41 


12 


BE 


40 


13 
14 




39 


15 




38 
37 


16 




36 


17 
18 




35 
34 


19 

20 21 22 23 


24 25 26 27 


28 29 30 31 32 33 




rTTTTTTTm 



POA0-POA3 
POB0-POB3 
POC0-POC3 
POD0-POD3 

V REG 
VDET 

V LCDC 

V LCD0" V LCD2 

LCD0-LCE35 

COM0-COM3 

TMOUT 

LED 



Input/output port 
Input/output port 
Input/output port 
Input/output port 
Voltage regulator output 
Voltage detector detection voltage 
adjustment 

LCD drive reference voltage adjustment 
LCD drive voltage outputs 
LCD segment signal output 
LCD common signal output 
8-bit timer output 

Remote control transmission indication 
output 



REM 
INT 
RESET 
VDOUT 
X IN' x OUT 
XT IN' XTOUT 
CAPH, CAPL 
CLK 

MD0-MD3 
D0-D7 
V PP 
V D D 

GNDq, GND-| 
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Remote control transmission output 
External interrupt request signal input 
Reset input 

Low voltage detection circuit output 

Main clock oscillator circuit 

Subclock oscillator circuit 

Booster capacitor connection pins 

PROM clock input 

PROM mode selection input 

PROM data input/output 

PROM write voltage power supply pin 

Power supply pin 

GND 
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(2) PROM programming mode 



(Open) 



TTTTTTTTT7T?? 



64 63 62 61 60 



58 57 56 55 54 53 52 



O 



20 21 22 23 24 25 26 27 



29 30 31 32 



TTTTTTTTTTTTT 



-O (D 
-O (Open) 
-O (L) 
-O (Open) 
-O CLK 

-O v DD 

(Open) 

D3 
D2 
D1 
DO 
D7 
D6 
D5 
D4 
MD3 
MD2 
MD1 



Note: ( ) indicates processing for pins not used in the PROM programming mode. 
L : Ground each of these pins through a 470 fi resistor. 
Open : Do not connect these pins. 
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BLOCK DIAGRAM 



POA-i 
POA2 O 
POA3 O 



P0B-|/MD1 
P0B 2 /MD2 
P0B 3 /MD3 a 



P0C /D4 
P0C-|/D5 
P0C 2 /D6 



POC3/D7 a 



P0D /D0 
PODt/DI 
P0D 2 /D2 
P0D 3 /D3 o- 



Voltage 
Detecter 





POA 


> ■ 

) 




>- ■ 


) : 



) 


POB 




) 


) ■ 


) 



N — / 



> — — ■ 


POC 




>- 

> 


>— — 







POD 


) 


> ■ 


) 


) 




Timer/ 
Counter 



w 




RAM 
112x4 bits 



SYSTEM REG. 



One Time PROM 
2048 x 16 bits 



Power 
Supply 
Circuit 



LCD 

Control le 







| Program ^Counter | 



~^ | Stack 5x1 1 bits ""| 



-O VDOUT 
-o V DET 



Watch Timer 



V REG 

V D D 

CAPH 

CAPL 

v LCD0 

V LCD1 

V LCD2 



~° V LCDC 
-O GND 
-O GNDt 



-O LCD 

~0 LCDt 

-O LCD 2 

-O LCD3 

-O LCD 4 



-O LCD23 

-O COM3/LCD24 

-O COM 2 /LCD 2 5 

-O COMt 

-O COM 



Interrupt 




Controller 


c 



-O INT/Vpp 



-O X !N /CLK 



Clock Stop 



O X UT 



~0 XT, N 



-O XTQUT 
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1. PIN FUNCTIONS 



1 .1 ORDINARY OPERATION MODE 



PIN No. 


SYMBOL 


FUNCTION 


OUTPUT 
TYPE 


POWER 
ON Rebel 


62 
63 
64 
1 
2 

I 

25 


COM 

coivh 

LCD25/COM2 
LCD24/COM3 

LUU23 

1 

LCD 


LCD controller/driver segment signal outputs 
and LCD controller/driver common signal 
outputs. 

• LCD25 to LCD 

• LCD controller/driver segment signal outputs 

• COMn to COM3 

• LCD controller/driver common signal outputs 


CMOS 




26 


GND 


GND 


- 


- 


27 


INT 


Inputs external interrupt request signal. Either 
the rising edge or the falling edge can be speci- 
fied as the interrupt request effective edge. 




Input 


28 

I 

31 


P0A 

1 

POA3 


4-bit CMOS input/output port. 
This port can be specified for input/output in 4- 
bit units. In the input mode, these pins become 
CMOS inputs, and can be used as key return 
inputs for key matrix. See Note. 


CMOS 
push- 
pull 


Input 


32 

I 

35 


P0B 

1 

POB3 


4-bit CMOS input/output port. 
This port can be specified for input/output in 4- 
bit units. In the input mode, these pins become 
CMOS inputs, and can be used as key return 
inputs for key matrix. See Note. 


CMOS 
push- 
pull 


Input 


36 

I 

39 


P0C 

1 

POC3 


4-bit CMOS input/output port. 
This port can be specified for input/output in 4- 
bit units. In the output mode, these pins become 
N-ch open-drain output, and can be used for key 
source output for key matrix. 


N-ch 
open- 
drain 


Input 


40 

I 

43 


P0D 

1 

POD3 


4-bit CMOS input/output port. 
This port can be specified for input/output in 4- 
bit units. In the output mode, these pins become 
N-ch open-drain output, and can be used for key 
source output for key matrix. 


N-ch 
open- 
drain 


Input 


44 


TMOUT/LED 


This pin outputs NRZ signal (LED) synchronized 
with infrared remote control signal and 8-bit 
timer (TMOUT). 

• TMOUT 

• 8-bit timer output 

• LED 

• Remote control transmission indication output 


CMOS 
push- 
pull 


High 
level 
output 



Note: Pull-up resistors are provided only in the juPD17P202A-001 and juPD17P202A-002. 
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PIN No. 


SYMBOL 


FUNCTION 


OUTPUT 
TYPE 


POWER 
ON RESET 


45 


REM 


Infrared remote control signal output. 


CMOS 
push- 
pull 


High 
level 
output 


46 


V D D 


Positive voltage power supply pin. 

2.2 to 5.5 V is applied in the normal operation 

mode. 


- 


- 


47 
48 


X IN 
X OUT 


Main clock oscillation circuit is connected 
across these pins. 

Connect a 4 MHz ceramic resonator or crystal 
resonator across these pins. 


- 


- 


49 


RESET 


Reset signal input. 


- 


Input 


50 


VDOUT 


Internal low voltage detection circuit output. 


CMOS 
push- 
pull 


- 


51 
52 


XT iN 
x ~Tout 


Subclock oscillation circuit is connected 
across these pins. 

Connect a 32 kHz crystal resonator across 
these pins. 


_ 


_ 


53 


VreG 


Voltage regulator output for subclock generator. 


- 


- 


54 


Vdet 


A resistor for adjusting the voltage detector 
detection level is connected to this pin. 






55 




Adjusts LCD drive reference voltage. 






56 
57 


Vlcdo 

V LCD1 


Outputs a voltage boosted from LCD drive 
reference voltage. 






58 


GND-j 


GND 






59 


V LCD2 


Outputs a voltage boosted from LCD drive 
reference voltage. 






60 
61 


CAPL 
CAPH 


Voltage boosting capacitor is connected across 
these pins. 
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1.2 PROM PROGRAMMING MODE 



PIN No. 


SYMBOL 


FUNCTION 


OUTPUT 
TYPE 


POWER 
ON RESET 


26 


GNDo 


GND 










Positive power supply pin for PROM program- 










ming. 






27 


V P p 


12.5 V is applied to this pin when program- 
ming, reading, or verifying the program 
memory. 


- 




32 

1 

35 


MD3 

1 

MDO 


Operation mode selection inputs for PROM 
programming. 


- 


Input 


36 


D4 








1 

39 
40 


1 

D7 
DO 


8-bit data input/output for PROM programming. 


CMOS 
push- 
pull 


Input 


1 

43 


1 

D3 










Positive power supply pin. 6 V is applied to this 






46 


V D D 


pin when programming, reading, or verifying 
the program memory. 






47 


CLK 


Clock input for PROM programming. 






48 


GNDt 


GND 







Remarks: Pins other then listed above are not used in the PROM programming mode. Refer to "Pin Connection Diagram (2) 
PROM Programming Mode" for recommended conditions for unused pins. 
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1.3 PIN EQUIVALENT CIRCUITS 

The simplified pin equivalent circuits schematic views for /xPD1 7P202A's pins are presented below. 

(1) POAq through P0A 3 , POBq/MDO through P0B 3 /MD3 



V DD V DD 



Input buffer 



* : Only mPD1 7P202A-001 and juPD1 7P202A-002 



(2) P0Cq/D4 through P0C 3 /D7, P0D /D0 through P0D 3 /D3 



Pull-up resister* 






Output 




latch 



Output 
disable 



r 



777 




Input buffer 



-@ 
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(3) RESET 



V D D 



Pull-up resister* 




Input buffer 



Only /1PD17P202A-001 
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2. WRITING, READING, AND VERIFYING ONE-TIME PROM (PROGRAM MEMORY) 

When the PROM is to be written, read, or verified, juPD17P201 A is set in the PROM mode, and the pins shown in 
Table 2-1 are used. No address has to be input. Instead, the address is incremented by the clock input from the CLK 
pin. 



Table 2-1 Pins Used to Write/Read/Verify Program Memory 



Pin name 


Function 


V PP 


Apply program voltage (12.5 V) to this pin. 


CLK 


Address incrementing clock input 


MDO to MD3 


Operation mode selector 


DO to D7 


8-bit data input/output 


V D D 


Apply operating voltage (6 V) to this pin. 



2.1 OPERATION MODES FOR PROGRAM MEMORY WRITE, READ, AND VERIFY 

jtiPD17P202A is set in the program memory write, read, or verify mode, when +6 V is applied to pin Vqd. and 
+12.5 V is applied to pin Vpp, after being placed in the reset status (Vdd - 5 V, RESET = low level) for a certain 
period of time. 

The operation modes, selected by pens MDO through MD3, are listed in Table 2-2. 

Pins not used to write, read, or verify the program memory must be open, or grounded through pull-down 
resistors (470 ft). 



Table 2-2 Operation Modes for Program Memory Write, Read, and Verify 



Operation mode selection 


Operation mode 


v PP 


Vdd 


MDO 


MD1 


MD2 


MD3 


+12.5 V 


+6 V 


H 


L 


H 


L 


Program memory address clear 


L 


H 


H 


H 


Write mode 


L 


L 


H 


H 


Read, verify mode 


H 


X 


H 


H 


Program inhibit mode 



Remarks: x: Lor H 
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2.2 PROGRAM MEMORY WRITING PROCEDURE 

Write the program memory by following these steps. The program memory can be written at high speeds. 



(1: 

(2: 
(3! 
(4; 
(5; 
(6! 
(7; 
(8! 

o: 

(10: 
(11 

(12 
(13 
(14 
(151 
(16 



Pull down the unused pins to the ground potential through resistors. Make the pin CLK low. 
Apply 5 V to pin V D d- Make pin Vpp low. 
Wait for 10 /is. Then, apply 5 V to pin Vpp. 

Set the program memory address clear mode by the mode selector pins. 

Apply 6 V to pin V DD , and 12.5 V to pin Vpp. 

Program inhibit mode 

Write data in the 1 ms write mode. 

Program inhibit mode 

Verify mode. Proceed to (10), if the memory has been written. If it has not been written, repeat (7) through 
(9). 

Additional writing for (the number of times (7) through (9) are repeated: X) x 1 ms 
Program inhibit mode 

Input a pulse four times to pin CLK, in order to increment the program memory address (by one). 

Repeat (7) through (12), until the last address is programmed. 

Program memory address clear mode 

Decrease the voltages on pin Vqd ar) d Vpp to 5 V. 

Turn power off. 



The following figure illustrates steps (2) through (12) above. 



X times repetition 



- Verify - 



Vpp 



V D D 



Vpp 

V D D 
GND 
V D D+ 1 
V D D 
GND 



-Additional write- 



Address 
increment 



JVWV 



- (Data input ) ( °ff u , ) H £ Data input ) - 



-c 



J V 
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2.3 PROGRAM MEMORY READING PROCEDURE 

(1 ) Pull down the unused pins to the ground potential through resistors. Make the pin CLK low. 

(2) Apply 5 V to pin V D q. Make pin Vp P low. 

(3) Wait for 10 /is. Then, apply 5 V to pin Vp P . 

(4) Set the program memory address clear mode by the mode selector pins. 

(5) Apply 6 V to pin V DD , and 1 2.5 V to pin Vpp. 

(6) Program inhibit mode 

(7) Verify mode. The data for each address is output on a one-by-one basis in a cycle during which the clock 
pulse is input to pin CLK four times. 

(8) Program inhibit mode 

(9) Program memory address clear mode 

(10) Decrease the voltages on pin Vqd and V PP to 5 V. 

(11) Turn power off . 

The following figure illustrates steps (2) through (9) above. 



Vpp 

Vpp 

V DD 



V DD + 1 
V D D 

v dd j- 

GND -/ 



JWWWYAAAA 



Data output^"" Data output 



-tt- 



f 
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3. DIFFERENCES BETWEEN /xPD17P202A AND MPD17202A 

In the /xPD17P202A, the internal mask ROM (program memory) for the juPD17202A is replaced by the PROM 
which can be programmed by the user. Therefore, the program memory and some mask options are the only dif- 
ferences between the /zPD1 7P202A and £tPD1 7202A, so the CPU functions and internal hardware are identical. 

The table below summarizes the differences between the juPD1 7P202A and /iPD1 7202A. 

Refer to the juPD17202A data sheet for details on CPU functions and internal hardware. 



^\ Device 
Item 


/XPD17P202A-001 


MPD17P202A-002 


/IPD17P202A-003 


MPD17202A 


Program 
memory 


• PROM 

• 0000H-07FFH 

• 2048 x 16 bits 


• Mask ROM 

• 0000H-07FFH 

• 2048 x 16 bits 


RESET pin 

pull-up 

resistor 


Provided 


None 


None 


(Mask option) 


POA, POB 
pins 
pull-up 
resistors 


Provided 


Main clock 
generator 
provided/not 
provided 


Subclock 
generator 
provided/not 
provided 


None 


Provided 


Pin 

connections 


Vpp pin, PROM programming pin are provided. 


Vpp pin, PROM 
programming pin 
not provided 


Operating 

voltage 

range 


2.2 to 5.5 V 


Package 


64-pin plastic QFP (14 x 20 mm) 
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4. ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS (T a = 25 °C) 

Supply Voltage V DD -0.3 to +7.0 V 

Input Voltage V, -0.3 to V DD +0.3 V 

Operating Temperature T op t -20 to +75 °C 

Storage Temperature T s tg —40 to +125 °C 



CAPACITANCE (T a = 25 °C, V DD = V) 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITIONS 


Input Capacitance 








10 


pF 


Pins INT, RESET 


Cpin 






10 


PF 


Other than pins INT, 
RESET 



RECOMMENDED OPERATING RANGE 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITIONS 


Supply Voltage 


V D D1 


2.2 


3.0 


5.5 


V 


f x =4MHz 


V DD2 


3.5 


5.0 


5.5 


V 


f x =8MHz 


Main Clock Oscillation 
Frequency 


fx 


2.0 


4.0 


8.0 


MHz 




Subclock Oscillation 
Frequency 


'XT 




32.768 




kHz 
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DC CHARACTERISTICS (V DD = 3 V. T a = -20 to +75 °C, f x = 4 MHz. f XT = 32 kHz) 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITIONS 


LCD Output Voltage 
Variable Range 


v LCD0 


0.8 




1.8 


V 




Doubler Output Voltage 


V LCD1 


1.9 

V LCD0 


2 

V LCD0 




V 




Tripler Output Voltage 


V LCD2 


2.85 

Vlcdo 


3 

Vlcdo 




V 




Low-voltage Detection 
Voltage 


Vdet 


1.3 


2.0 


2.9 


V 


VDET pin external 
resistance = 2 M£2 


High-Level Input Voltage 


V|H1 


0.8 V DD 




Vdd 


V 


RESET pin and INT pin 


V IH2 


0.7 V DD 




Vdd 


V 


Other than RESET pin 
and INT pin 


Low-Level Input Voltage 


V|L1 







0.2 V DD 


V 


RESET pin and INT pin 


V|L2 







0.3 V DD 


V 


Other than RESET pin 
and INT pin 


High-Level Input Current 








0.2 


juA 


INT V, H =V DD 


1 IH2 






0.2 


M 


RESET V| H =V DD 


'lH3 






0.2 


//A 


P0A-P0D V| H = V DD 


Low-Level Input Current 


l|L1 






0.2 


MA 


INT V| L = 0V 


'lL2 






0.2 


AiA 




V| L = V, 
w/o pull-up 
resistor 


<IL3 


20 


50 


100 


fiA 


RESET 


V, L = V 
w/pull-up 
resistor 


■lL4 






0.2 


JLIA 


P0A, P0B 


V, L = V 
w/o pull-up 
resistor 


■lL5 


6 


12 


20 


juA 


V| L = V 
w/pull-up 
resistor 


Low-Level Input Current 


•lL6 






0.2 


AlA 


P0C, POD 


V| L = V 


High-Level Output Current 


'OH1 


-0.6 


-2.0 


-4.0 


mA 


P0A, P0B 


V H = 
V DD -0.3 V 


'OH2 


-7.0 


-15.0 


-25.0 


mA 


REM 


V H = 
V DD -2V 


•OH3 


-0.3 


-1.0 


-2.0 


mA 


LED 


V H = 
V DD -0.3V 


'OH4 


-0.3 


-1.0 


-2.0 


mA 


VDOUT 


V H = 
V DD -0.3V 
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CHARACTERISTICS 


CVMROI 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITIONS 


Low-Level Output Current 


k)Li 


0.5 


1.5 


2.5 


mA 


P0A, P0B 


Vol = 0.3 v 


>OL2 


0.5 


1.5 


2.5 


mA 


P0C, POD 


Vol = 0.3 V 


'OL3 


0.5 


1.5 


2.5 


mA 


REM 


V 0L = 0.3 V 


•0L4 


0.5 


1.5 


2.5 


mA 


LED 


V 0L = 0.3 v 


'OL5 


0.5 


1.5 


2.5 


mA 


VDOUT 


Vol = 0.3 V 


Common Output Current 


•com 


30 






juA 


Output voltage deviation 
= 0.2 V 


Segment Output Current 


•lcd 


5 






/iA 


Output voltage deviation 
= 0.2 V 


Supply Current 


•ddi 




0.5 


1.5 


mA 


Oepration 
mode 


Both XT and 
X oscillate 


J DD2 




15 


30 


M 


Only XT 
oscillates 


•dD3 




0.5 


1.5 


mA 


HALT 
mode 


Both XT and 
X osciilate 


'OD4 




10 


15 


fiA 


STOP 
mode 


Only XT 
oscillates 



DC PROGRAMMING CHARACTERISTICS (T a = 25 ± 5 °C, V DD = 6.0 ± 0.25 V, 
V PP = 12.5 ± 0.3 V) 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITIONS 


High-Level Input Voltage 


V|H1 


0.7 V DD 






V 


Other than CLK 


V,H2 


Vdd-0.5 




v DD 


V 


CLK 


Low-Level Input Voltage 


V, L 1 







0.3 V DD 


V 


Other than CLK 


V|L2 







0.4 


V 


CLK 


Input Leakage Current 


•li 






10 


ma 


V| N =V| L orV m 


High- Level Output Voltage 


V H 


Vqd-1.0 






V 


Iqh =-1 mA 


Low- Level Output Voltage 


Vol 






0.4 


V 


Iql = 1.6 mA 


Vdd Supply Current 


•dd 






30 


mA 




Vpp Supply Current 


Ipp 






30 


mA 


MD0 = V|l, MD1 = V, H 



Note 1: Keep Vpp to below +13.5 V, including the overshoot. 
2: Apply Vqq before Vpp, and remove Vqd a^ er V PP- 
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AC PROGRAMMING CHARACTERISTICS (T a = 25 ± 5 °C, V D d = 6.0 ± 0.25 V, 
V PP = 12.5 ± 0.3 V) 



CHARACTERISTICS 


SYMBOL 


*1 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITIONS 


Address setup time*2 
(vs. MDO I) 


t A S 


US 


2 






Ms 




MD1 setup time (vs. MDO 4-) 




tOES 


2 






MS 




Data setup time (vs. MDO I) 


^DS 


^DS 


2 






[IS 




Address hold time*2 
(vs. MDO t) 


*AH 


tAH 


2 






MS 




Data hold time (vs. MDO t) 


tDH 


tDH 


2 






MS 




MDO t data output float 
delay time 


*DF 


*DF 


o 




130 






Vpp setup time (vs. MD3 t) 


tVPS 


tVPS 


2 






MS 




V DD setup time (vs. MD3 t) 


tVDS 


tvcs 


2 






MS 




Initial program pulse width 


tpw 


tpw 


0.95 


1.0 


1.05 


ms 




Additional program pulse width 


tOPW 


tOPW 


0.95 




21.0 


ms 




MDO setup time (vs. MD1 t) 


tMOS 


tCES 


2 






Ms 




MDO 1 -> data output delay time 


*DV 


*DV 






1 


Ms 


MD0=MD1=V, L 


MD1 hold time (vs. MDO t) 


*M1 H 


tOEH 


2 






MS 


tMIH+tMIR 
^50 MS 


MD1 recovery time (vs. MDO 4) 


t|VI1R 


toR 


2 






Ms 


Program counter reset time 


tpCR 




10 






MS 




CLK input high-, low-level 
width 




- 


0.125 






MS 




CLK Input Frequency 


fx 








4.19 


MHz 




Initial Mode Set Time 


t| 


- 


2 






MS 




MD3 Setup Time (vs. MD1 t) 


t|VI3S 




2 






MS 




MD3 Hold Time (vs. MD1 1) 


tM3H 




2 






MS 




MD3 Setup Time (vs. MDO I) 


t|\/l3SR 




2 






MS 


When program 
memory is read 


Address* 2 -> Data Output Delay 
Time 


*DAD 


tACC 






2 


Ms 


When program 
memory is read 


Address* 2 -> Data Output Hold 
Time 


*HAD 


tQH 







130 


Ms 


When program 
memory is read 


MD3 Hold Time (vs. MDO t) 


*M3HR 




2 






MS 


When program 
memory is read 


MD3 4 -> Data Output Float 
Delay Time 


*DFR 




2 






MS 


When program 
memory is read 


Reset Setup Time 


tRES 




10 






MS 





*1: Symbols for corresponding juPD27C256 

*2: The internal address is incremented (+1 ) at the falling edge of third clock periods for the four CLK clock periods, which 
constitute one cycle. The internal address has no external pin connection. 
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4-BIT SINGLE-CHIP MICROCONTROLLER 

The JJ.PD17203A is a 4-bit CMOS microcontroller for infrared remote controllers. It contains 16K-bit static RAM, three 
channels of timers, a carrier generator for remote control, an amplifier for remote control receive signals, and a waveform 
shaping circuit in one chip. 

The 1 7K architecture used in the M-PD17203A allows the user to perform an arithmetic/logical operation or data transfer 
between data memory locations or between data memory and a peripheral circuit with a single instruction. Every instruction 
is 1 word long, consisting of 16 bits. 

The microcontroller is packaged in a 52-pin plastic QFP. 



FEATURES 

• 17K architecture 

• Program memory (ROM): 8K bytes (4096 x 16 bits) 

• Data memory (RAM): 336 words (336 x 4 bits) 

• Static RAM: 16K bits (4096 x 4 bits) 

• On-chip carrier generator for infrared remote control 

• On-chip amplifier for infrared remote control receive signals 

• On-chip waveform shaping circuit for infrared remote control receive signals 

• Many input/output ports provided (28 lines) 

• 3-wire serial interface contained (also used as a input/output port) 

• 5 stack levels 

• 8-bit timer: 1 channel (with a modulo function) 

Clock for the timer (8 fis, 16 \xs, 64 jis, remote control carrier input) 

• 10-bit timer: 1 channel (with a modulo function) 

Clock for the timer (0.5 jis, 4 us, INT input) 

• 16-bit timer: 1 channel (with a modulo function) 

Clock for the timer (8 us, 16 [is, 32 jis, 64 |xs) 

• Clock timer: 1 channel (used as a watchdog timer or a clock) 

• Instruction execution time: 4 us (when a 4 MHz ceramic resonator is used) 

• Standby function (STOP, HALT) 

• Low-voltage detector contained 

• Operating voltage: 2.2 to 5.5 V 

• Operating clock: 4 MHz ceramic resonator/32.768 kHz crystal resonator 
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PIN CONFIGURATION (Top View) 



o 8 



5 



CO CQ 00 00 



poo 




NNNHMaNNWNNNN 
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BLOCK DIAGRAM 



POA 
POAt 

P0A2 
POA3 



POB 
POB1 
POB2 
POB3 



P0C 

P0C1 
P0C2 
POC3 



PODo 
POD1 
POD2 
POD3 



P1A 
P1Ai 
P1A2 
PIA3 



P1Co/SCK 
PIC1/SO 
PIC2/SI 
PIC3 



P1B 
P1B1/TMOOUT 
P1B2/TM10UT 
P1B3/TM20UT 



A 
V 



V 



-0 



-0 



A 
V 



™..»A 



=0 



A 
V 



A 
V 




SYSTEM REG. 




3 



ROM 
4 096 x 16 b 



/ — \r 
\ — A- 



Program Counl 

o 



Stack 5 x 12 bit; 




Remote 
Control 
Receiver 



W 



\ Interrupt 
\-y Controller 



CPU Clock 



Remote 
Control 
Transmitter 



GNDfj 
GND1 
GND 2 
GND3 
GND4 
GND5 




-O XTquT 
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The /xPD1 7P203A is provided with a one-time PROM in the place of the internal ROM in the juPD1 7203A. 
Since a program can be written into the PROM for this microcomputer, it is suitable for experimental production 
or small-scale production of systems using juPD1 7203A. 

It is recommended that you also read the separately available reference materials on /zPD17203A. 

FEATRUES 

• Internal one-time PROM: 4,096 x 16 bits 

• Single power source: 2.2 to 5.5 V 



ORDERING INFORMATION 

Order Code Package Quality Grade 

juPD17P203AGC-001-3BH 52-pin plastic QFP Standard 

juPD17P203AGC-002-3BH 52-pin plastic QFP Standard 

/XPD17P203AGC-003-3BH 52-pin plastic QFP Standard 



The differences among the above models are as follows: 



Item 


MPD17P203A-001 


AiPD1 7P203A-002 


MPD1 7P203A-003 


MPD17203A 


RESET pin pull-up resistor 


Provided 


Not provided 


Not provided 


Mask option 


POA and POB pins pull-up resistor 


Provided 


Provided 


Not provided 


Mask option 


Main clock oscillator circuit 


Provided 


Provided 


Not provided 


Mask option 


Subclock oscillator circuit 


Provided 


Not provided 


Provided 


Mask option 
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PIN CONFIGURATION (Top View) 
(1) For Ordinary Operations 



LED o- 



Vddo- 

X|N O- 



xouto- 

GNDqo- 



VDqutO* 
XT| N a- 



xtouto- 
Vreg o- 



GND 5 O- 



IV CS r- O 

- O b 5 5 2 

«2 so k £ tz t: 

CO CN «- 



52 51 50 49 



47 46 45 44 43 42 41 40 
39 

38 

37 

"C "C t 36 
■v -a -a 

2 2 2 

34 
33 
32 
31 
30 



3 S N 

o o o 

CO CO CO 

> > > 

O CD O 

o o o 

6 6 6 

o o o 

(J M f 

CO CO CO 

00 CD 00 

1 I X 



14 15 16 17 18 19 20 21 22 23 24 25 26 



•O POD2 



*~0 POC3 
-O P0C 2 
"O POCt 
-O GND4 
~0 P0C 



►O POB3 
-O P0B 2 
.-O POBt 
-O P0B 
■O POA3 






O 







Q- 


< 









LEO 


: Remote controller signal transmission 


TM20UT 


Timer 2 output 




output display 


SCK 


Serial clock input/output 


REM 


Remote controller signal transmission 


SO 


Serial data output 




output 


SI 


Serial data input 


X|N. XOUT 


Main clock oscillator 


POA0-POA3 


Port OA 


RESET 


Reset input 


POB0-POB3 


Port 0B 


VDoUT 


Low voltage detector output 


POC0-POC3 


Port 0C 


XT||sj, XToUT 


Subclock oscillator 


POD0-POD3 


Port 0D 


vreg 


Voltage regulator output 


PIA0-PIA3 


Port 1 A 


AMPIN— 


Operational amplifier input 


PIB0-PIB3 


Port 1 B 


AMPOUT 


Operational amplifier output 


PIC0-PIC3 


Port 1 C 


Vref 


Reference voltage output 


CLK 


PROM clock input 


CMPIN+ 


Comparator input 


MD0-MD3 


PROM mode selection 


CMPOUT 


Comparator output 


D0-D7 


PROM data input/output 


TMOIN 


Timer input 


Vpp 


PROM power 


INT 


External interrupt input 


V D Q 


Power 


TM0OUT 


Timer output 


V XRAM 


XRAM power 


TM10UT 


Timer 1 output 


GND 


Ground 
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(2) PROM programming mode 



9 9 9 



9 9 9 9 9 



GND 

V D D 
CLK 
(Open) 
GND 
(L) 
(Open) 
(L) 

(Open) | 
GND 5 



47 46 45 44 43 42 41 40 



~Q ~Q ~U 

W M M 

o o o 

CO U CO 

> > > 

GOG) 

a o o 

6 6 6 

o o o 

CO n> 

U GO CO 

03 CD DO 



14 15 16 17 18 19 20 21 22 23 24 25 



-O D2 



■-O D7 
•-O D6 



-O GND 4 



6 6 6 



6 6 



Note: ( ) indicates processing of pins not used in the PROM programming mode. 
L : Ground each of these pins through a resistor (470 SI). 
Open : Connect nothing to these pins. 
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BLOCK DIAGRAM 



POAo q_ 

PGA, ~ 

P0A 2 o_ 

poa 3 51 



POBo/MDO 
POBt/MDI 
P0B2/MD2 
POB3/MD3 



POCo/D4 
P0C-|/D5 
P0C 2 /D6 
POC3/D7 



PODo/DO 
POD1/DI 
POD2/D2 
POD3/D3 



P1A o- 

P1A-, o- 

P1A 2 Q_ 

PIA3 5- 



P1B o- 

PlBi/TMOOUT o- 

P1B 2 /TM10UT O- 

PIB3/TM2OUT o- 



P1C /SCK 
PIC1/SO 
PIC2/SI 
PIC3 



A 
V 



A 



A 
V 







A 
P1B V 



=0 



• imer1 /A 



r mer2/ A 



O t-- pi 



V 



Serial A 

I/O \|y 



3 



/ \T 

v — A 



RAM 
336 x 4 bits 



SYSTEM REG. 




One Time 
PROM 



4 096x 16 bits 



Program Counter 



Voltage 
Detecter 



Power 
Supply 



Remote 
Control 
Receiver 



Remote 
Control 
Transmitter 




V D D 

V XRAM 

VREF 

GNDq 
GNDt 
GND 2 
GND3 
GND4 
GND5 



TMOIN 
CMPOUT 

CMPIN+ 
AMPOUT 
AMPIN— 



O X| N /CLK 



O X UT 



2-532 



NEC 



^PD17P203A 



1. PIN FUNCTIONS 



1.1 PORT PINS 



Symbol 


I/O 


Shared by : * 


Function 


At reset 


POA0-POA3 


I/O 




4-bit I/O port (Port OA). 

Can be set in input or output mode in 4 bit units. 
Pull-up resistors are connected in I/O mode. 


Input 


POB0-POB3 


I/O 


(MD0-MD3) 


4-bit I/O port (Port OB). 

Can be set in input or output mode in 4 bit units. 
Pull-up resistors are connected in I/O mode. 


Input 


rUUfJ — ^J*-»3 


I/O 




4-bit I/O port (PortOC). 

Can be set in input or output mode in 4 bit units. 
N-ch open-drain in output mode. 


Input 


POD0-POD3 


I/O 


(D0-D3) 


4-bit I/O port (Port OD). 

Can be set in input or output mode in units of 4 bits. 
N-ch open-drain in output mode. 


Input 


PIA0-PIA3 


I/O 




4-bit I/O port (Port 1A). 

Can be set in input or output mode in bit units. 
N-ch open-drain in output mode. Pull-up resistor can 
be connected by program in I/O mode. 


Input 


P1B 


I/O 




4-bit I/O port (Port 1B). 

Can be set in input or output mode in bit units. 

N-ch open drain in output mode. Pull-up resistor can be 

connected by program in I/O mode. 


Input 


P1 B-|— P1 B3 


TM0OUT-TM2OUT 


P1C 


I/O 


SCK 


4-bit I/O port (Port 1C). 

Can be set in input or output mode in bit units. Pull-up 
resistor can be connected by program in I/O mode. 


Input 


P1C1 


SO 


P1C2 


SI 


PIC3 





*( ): Pins shared in PROM programming mode. 
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1.2 PINS OTHER THAN PORT PINS (IN ORDINARY OPERATION MODE) 



Symbol 


I/O 


Shared by: 


Function 


At reset 




VJUipUI 




For display of infrared remote controller signal output 


Low-level output 


REM 


Output 




Infrared remote controller signal output 










For main clock oscillator. Connect 4 MHz ceramic 
oscillator to these pins. 


- 


Xrti it 
A OUT 


Output 




RESET 






RESET signal input 






Output 




Low-voltage detector circuit output 




^ 1 IN 






For subclock oscillator 




XToUT 


Output 






Vreq 


Output 




Output from voltage regulator for subclock oscillator 




AMPIN— 


Input 




Inverted input from internal operational amplifier 




AMPOUT 


Output 




Internal operational amplifier output 




VREF 


Output 




Reference voltage output 




CMPIN+ 


Input 




Non-inverted input for comparator 




CMPOUT 


Output 




Comparator output 




TMOIN 


Input 




Clock input to timer 




INT 


Input 


(Vpp) 


External interrupt signal input 




V D D 






Power 




VXRAM 






Power to XRAM 




GND -GND 5 






Ground 




1.3 PINS OTHER THAN PORT PINS (IN PROM PROGRAMMING MODE) 


Symbol 


I/O 


Shared by: 


Function 


At reset 


CLK 


Input 


X|N 


Address updating clock input 




D0-D3 


I/O 


POD0-POD3 


8-bit data input/output 


Input 


D4-D7 


POC0-POC3 


MD0-MD3 


Input 


POB0-POB3 


Operation mode selection 


Input 


Vpp 




INT 


Applies program voltage (12.5 V). Used as INT pin in 
ordinary operation mode. 
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1.4 INPUT/OUTPUT CIRCUITS 

The input/output circuit for each juPD17P203A's pin are shown below. 
(1) POA0-POA3, P0B /MD0-P0B 3 /MD3 



Output 
latch 



output 
disable 



Multiplexer 



VDD v dd 



3- 



777 




Pull-up resistor Note 

@ 



Note: mPD1 7P203A-001 and -002 only. 



(2) P0C /D4-P0C 3 /D7, P0D /D0-P0D 3 /D3 





Output 
latch 








r— I 



output 
disable 



777 




Input buffer 



-@ 
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(3) P1Ao-P1A 3 ,P1Bo-P1B 3 /TM20UT 



vdd 





Pull-up 
register 









Multiplexer 



(4) PIC0/SCK-PIC3 




Input buffer 



v D d 





Pull-up 






register 


v D d 
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(3) RESET 



V D D 




Input buffer 



Note: juPD17P203A-001 only. 
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2. DIFFERENCES BETWEEN juPD17P203A AND mPD17203A 

Since juPD17P203A replaces the internal mask ROM for juPD17203A with a PROM that can be written by the 
user, the only differences between the two microcomputers are the program memory and mask option. Their CPU 
functions and internal hardware are essentially the same. The following table lists the differences between 
MPD1 7P203A and juPD1 7203A. 
Refer to the /zPD17203A Data Sheet for the CPU functions and internal hardware for /xPD17P203A. 



Product 

Item ^narne^ 


juPD17P203A-001 


MPD17P203A-002 


MPD17P203A-003 


MPD17203A 


Program memory 


• PROM 

• OOOOH-OFFFH 

• 4,096 x 16 bits 


• Mask ROM 

• OOOOH-OFFFH 

• 4,096 x 16 bits 


Pull-up resistor for RESET pin 


Provided 


Not provided 


Not provided 


Mask option 


Pull-up resistor for POA and POB 
pins 


Provided 


Provided 


Not provided 


Mask option 


Main clock oscillator circuit 


Provided 


Provided 


Not provided 


Mask option 


Subclock oscillator circuit 


Provided 


Not provided 


Provided 


Mask option 


Pin connection 


Vpp and PROM programming pins are provided 


Vpp and PROM 
programming pins 
are not provided 


Operating voltage range 


2.2 to 5.5 V 


Package 


52-pin plastic QFP 
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3. WRITING, READING, AND VERIFYING ONE-TIME PROM (PROGRAM MEMORY) 

The /iPD17P203A internal program memory is a one-time 4,096 x 16 bit PROM. 

The write, read, and verify this one-time PROM, the pins shown in the following table are used. Note that no 
address input pin is provided. Instead, the address is updated by the clock signal input from the CLK pin. 



Pin 


Function 


V PP 


Program voltage application 


CLK 


Address updating clock input 


MD0-MD3 


Operation mode selection 


D0-D7 


8-bit data input/output 



3.1 OPERATION MODES WHEN PROGRAM MEMORY IS WRITTEN, READ, OR VERIFIED 

juPD17P203A is set in the program memory write, read, and verify mode, when, +6 V is applied to the V DD pin 
and +1 2.5 V is applied to the V PP pin after it has been reset for a certain period of time (V DD = 5 V, RESET = V). 
Once this mode has been set, the following operation modes are available, depending on the setting of the MDO 
through MD3 pins. Note that all the unused pins are pulled down with resistors to the ground potential. 



Operation mode setting 


Operation mode 


Vp P 


VDD 


MDO 


MD1 


MD2 


MD3 


+12.5 V 


+6 V 


H 


L 


H 


L 


Program memory address clear 


L 


H 


H 


H 


Write mode 


L 


L 


H 


H 


Read and verify mode 


H 


X 


H 


H 


Program inhibit mode 



X: L or H 



3.2 PROGRAM MEMORY WRITING PROCEDURE 

The program memory can be written in the following procedure at high speeds: 

(1) Pull down the unused pins with resistors to the ground potential. Make the CLK pin low. 

(2) Apply 5 V to the V DD pin. Make the V PP pin low. 

(3) Wait for 10 jus. Then apply 5 V to the V PP pin. 

(4) Set the program memory address clear mode by using the mode selection pins. 

(5) Apply 6 V to V DD and 12.5 V to V PP . 

(6) Set the program inhibit mode. 

(7) Write data in the 1 ms write mode. 

(8) Set the program inhibit mode. 

(9) Set the verify mode. If the data has been correctly written, proceed to step (10). If not, repeat (7) through 
(9). 

(10) Additional write for (the number of times (7) through (9) are repeated: X) x 1 ms. 

(11) Set the program inhibit mode. 

(12) Input a pulse to the CLK pin four times to increment the program memory address by one. 

(13) Repeat (7) through (12) until the last address is written. 

(14) Set the program memory address clear mode. 

(15) Apply 5 V to the V DD and Vp P pins. 

(16) Turn off power. 
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Steps (2) through (12) are illustrated below. 

X times repetition 



Reset 



Write 



Verify 



Additional write 



Address 
increment 



Vp P 



V PP 

V D D 
GND 



VdD+1 
GND 
CLK 



JVWV 



- ( Data in P ut ") ( input ) W ( Data input ^ - 



-c 



J~ — V 



3.3 PROGRAM MEMORY READING PROCEDURE 

(1 ) Pull down the unused pins with resistors to the ground potential. Make the CLK pin low. 

(2) Apply 5 V to the V DD pin. Make the V PP pin low. 

(3) Wait for 10 ms. Then apply 5 V to the V PP pin. 

(4) Set the program memory address clear mode by using the mode selection pins. 

(5) Apply 6 V to V DD and 12.5 V to V PP . 

(6) Set the program inhibit mode. 

(7) Set the verify mode. Input the clock pulse to the CLK pin. Data for one address is output each time the 
pulse is input four times. 

(8) Set the program inhibit mode. 

(9) Set the program memory address clear mode. 

(10) Apply 5 V to the V DD and V PP pins. 

(11) Turn off power. 
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Steps (2) through (9) are illustrated below. 




^DD / 

V D D J ' 

GND J 



MWVWIAAA 



Data output ^ Data output 
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4. ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS (T a =25°C) 

-0.3 to +7.0 V 

-0.3 to V DD +0.3 V 

-20 to +75 °C 

-40 to +125 °C 



Supply Voltage V D d 

Input Voltage V| 

Operating Temperature T opt 

Storage Temperature T stg 



RECOMMENDED OPERATING RANGE 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


Supply Voltage 


V DD1 


2.2 


3.0 


5.5 


V 


f x = 4 MHz 


V DD2 


3.5 


5.0 


5.5 


V 


f x = 8 MHz 


XRAM Supply Voltage 


VXRAM 


1.3 




V D D 


V 


V XRAM ^ V DD 


Main Clock Oscillation 
Frequency 


fx 


2.0 


4.0 


8.0 


MHz 




Subclock Oscillation 
Frequency 


fXT 




32.768 




kHz 





CAPACITANCE (T a = 25 °C, V D D = V) 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


Input Capacitance 


C|N 






10 


pF 


INT, RESET pins 


C PIN 






10 


pF 


Other than INT, RESET pin 
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DC CHARACTERISTICS (V D D = 3 V, T a = -20 to +75 °C, f x = 4 MHz, f X T = 32 kHz) 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITION 


Low Voltage Detection 
Voltage 


Vdet 


1 .3 


2.0 


2.9 


V 




High- Level Input Voltage 


V| H 1 


0.8 V DD 




V D D 


V 


RESET, INT pins 


V IH2 


0.7 V DD 




v D d 


V 


Other than RESET, INT pins 


Low-Level Input Voltage 


V|L1 







0.2 V DD 


V 


RESET, INT pins 


V|L2 







0.3 V DD 


V 


Other than RESET, INT pins 




>IH1 






0.2 


ma 


INT 


V IH = VDD 




I IH2 






0.2 


ma 


TM0IN 


V IH = V DD 


High-Level Input Current 


"IH3 






0.2 


ma 


RESET 


V IH = V DD 




•lH4 






0-2 


ma 


P0A— POD 


V|H = Vqd 




•lH5 






0.2 


ma 


P1A— P1C 


V | f-| = Vqq 




■ 1 1_1 






—0.2 


ma 


INT 


V|l = V 




"IL2 






-0.2 


ma 


TM0IN 


V| L = V 




! IL3 






-0.2 


ma 


RESET 


V| L = V 
w/o pull-up 
resistor 




>IL4 


-20 


-50 


— 100 


ma 




l| L = 0V 
w/pull-up 
resistor 


Low-Level Input Current 


■l L5 


-6 


-12 


-20 


ma 


P0A, P0B 


V| L = V 
w/pull-up 
resistor 




•lL6 






-0.2 


ma 


rUL>, ruu 


V| L -0V 




'IL7 






—0.2 


ma 


P1A-P1C 


V| L = V 
w/o pull-up 
resistor 




'lL8 


-20 


-50 


-90 


ma 




l| L = 0V 
w/pull-up 
resistor 




'OH1 


-0.6 


-2.0 


-4.0 


mA 


P0A, P0B 


VOH = V DD -0.3 V 




'OH2 


-0.6 


-2.0 


-4.0 


mA 


P1C 


VOH = V DD -0.3 V 


High-Level Output Current 


>OH3 


-7.0 


-15.0 


-25.0 


mA 


REM 


VOH = V DD -2 V 


'OH4 


-0.3 


-1.0 


-2.0 


mA 


LED 


VOH = V DD -0.3 V 




'OH5 


-0.3 


-1.0 


-2.0 


mA 


VDoUT 


VOH = V DD -0.3 V 




'OH6 


-0.3 


-1.0 


-2.0 


mA 


CMPOUT 


VOH = V D D-0-3V 




'OL1 


0.5 


1.5 


2.5 


mA 


P0A. P0B 


vol = 0.3 v 




<OL2 


0.5 


1.5 


2.5 


mA 


P0C, POD 


v l = o.3 v 


Low-Level Output Current 


'OL3 


0.5 


1.5 


2.5 


mA 


REM 


v l = 0.3 v 


>OL4 


0.5 


1.5 


2.5 


mA 


LED 


V O L = 0.3V 




>OL5 


0.5 


1.5 


2.5 


mA 


VDoUT 


v l = o.3v 




'OL6 


0.5 


1.5 


2.5 


mA 


CMPOUT 


v l = o.3v 


Vref Output Voltage 


VREF 


0.8 


1.2 


1.6 


V 


External capacitance for 
V REF pin = 0.1 juF 




<DD1 


0.5 


1.0 


2.0 


mA 


Operation 


XT and X 


Supply Current 


>DD2 




15 


30 


M A 


mode 


Only XT 


>DD3 






2.0 


mA 


HALT mode 


XT and X 




'DD4 




10 


15 


M A 




Only XT 


XRAM Hold Voltage 


V XRAM 


1.3 


3.0 


5.5 


V 


Operation mode, VxraM = 3 V 


XRAM Supply Current 


'XRAM1 




3.0 




M A 


HALT mlde, VxraM = 3 v » 


'XRAM2 




0.2 


1.0 


M A 


T a = 25"C 
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DC PROGRAMMING CHARACTERISTICS (T a = 25 °C, Vdd = 6.0±0.25 V, V PP = 12.5±0.5 V) 



CHARACTERISTICS 


SYMBOL 


MIN. 


TYP. 


MAX. 


UNIT 


CONDITIONS 


High-Level Input Voltage 


V|H1 


0.7 V DD 




v D d 


V 


Other than CLK 


V IH2 


Vdd-0-5 




vdd 


V 


CLK 


Low-Level Input Voltage 


V|L1 







0.3 v DD 


V 


Other than CLK 


V| L 2 







0.4 


V 


CLK 


Input Leakage Current 


"LI 






10 


MA 


V| N = V| L or V m 


High-Level Output Voltage 


V H 


V DD -1.0 






V 


l H = -1 


Low-Level Output Voltage 


vol 






0.4 


V 


Iql = 1-6 mA 


Vqo Supply Current 


•dd 






30 


mA ' 




Vpp Supply Current 


Ipp 






30 


mA 


MD0 = V| L , MD1 = V| H 



Note: 1. Keep Vpp to less than +13.5 V, including the overshoot. 
2. Apply Vqd before Vpp. Remove Vqd after Vpp. 
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AC PROGRAMMING CHARACTERISTICS (T a =25°C, Vdd = 6.0±0.25 V, V PP = 12.5±0.5 V) 



rHARAPTPRIQTirQ 
OnMnnLi 1 C rl Id 1 1 V^O 


CVMDAI 

o YMbUL 




M ' N " 




MAX. 


UNIT 


CONDITIONS 


Address Setup Time*2 (vs MDO \) 


t AS 


*AS 








MS 




MD1 Setup Time (vs. MDO \) 


tMIS 


tOES 








MS 




f^Ata Qatun Time /wc X\ 


X DS 


tQS 








MS 




ArlHrPQ? Hnlrl Timp*9 <\/c MnO t\ 


*AH 


*AH 








MS 




Data Hold Time (vs. MDO t) 


*DH 


*DH 


2 










MDO t-^Data Output Float Delay Time 


*DF 


*DF 


o 




130 






Vpp Setup Time (vs. MD3 t) 


tVPS 


*VPS 


2 






__MS 




Vqq Setup Time (vs MD3 T) 


tVDS 


tves 








MS 




Initial Program Pulse Width _ 


tpw 


tpw 












Additions! Procjrsm Pulss Width 


*OPW 


t OPW 












MDO Setup Time (vs. MD1 t) 


tMOS 


tCES 


2 






MS 




MDO 4->Data Output Delay Time 


l DV 


*DV 






1 


MS 


MDO = MD1 = V| L 


MD1 Hold Time (vs. MDO t) 


*M1H 


*OEH 


2 






MS 


*M1H +t M1R ^ 50 MS 


MD1 Recovery Time (vs. MDO \) 


*M1 R 


*OR 


2 






MS 




Program Counter Reset Time 


*PCR 




10 










CLK Input High, Low Level Widths 


tXH.tXL 


- 


0.063 






MS 




CLK Input Frequency 


fx 








8 


MHz 




Initial Mode Set Time 


t| 


_ 


2 






MS 




MD3 Setup Time (vs. MD1 t) 


*M3S 


- 


2 






MS 




MD3 Hold Time (vs. MD1 I) 


*M3H 




2 






MS 




MD3 Setup Time (vs. MDO I) 


tM3SR 




2 






MS 


When program 
memory is read 


Address*2 ->■ Data Output Delay Time 


tDAD 


tACC 






2 


MS 


When program 
memory is read 


Address* 2 Data Output Hold Time 


tHAD 


tQH 







130 


ns 


When program 
memory is read 


MD3 Hold Time (vs. MDO t) 


*M3HR 




2 






MS 


When program 
memory is read 


MD3 |-*Data Output Float Delay Time 


*DFR 




2 






MS 


When program 
memory is read 


Reset Setup Time 


t RES 




10 






MS 





*1. Corresponding symbols of MPD27C256. 

*2. The internal address signal is incremented by one at the falling edge of the third CLK input signal and is not connected to a 
pin. 
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PROGRAM MEMORY WRITE TIMING 




PROGRAM MEMORY READ TIMING 
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4-BIT SINGLE-CHIP MICROCONTROLLER 

The H-PD17204 is a 4-bit CMOS microcontroller with an 8K-bit RAM, a 3-channel timer, a remote controlled carrier 
generator, a remote controlled receive signal amplifier and a waveform rectifier integrated on a single-chip for infrared remote 
controller. 

The H.PD17204 employs the jxPD17000 architecture and can execute data transfer and operations with one instruction 
between data memories or between a data memory and peripheral circuits. All instructions are a 16-bit word. 
52-pin plastic QFP package is used. 



FEATURES 

• p.PD17000 architecture is employed. 

• Program memory (ROM): 16K bytes (7936 x 16 bits) 

• Data memory (RAM): 336 words (336 x 4 bits) 

• Static RAM: 8K bits (2048 x 4 bits) 

• On-chip infrared remote controlled carrier generator 

• On-chip infrared remote controlled receive signal amplifier 

• Variety of I/O ports (28 ports) 

• On-chip 3-wire serial interface (which also serves as an input/output port) 

• Stack level: 7 levels 

• 8-bit timer: 1 channel (with modulo function) 

Timer clock (8 jis, 16 ^is and 64 y.s remote controlled carrier inputs) 

• 10-bit timer: 1 channel (with modulo function) 

Timer clock (0.5 jxs and 4 \ls, INT input) 

• 16-bit timer: 1 channel 

Timer clock (8 us, 16 |is, 32 \ls, 64 \is) 

• Watch timer: 1 channel (which also serves as a watchdog timer) 

• Instruction execution time: 4 jis (when 4 MHz ceramic oscillator is used) 

• Standby function (STOP, HALT) 

• On-chip low-voltage detector 

• Operating voltage range: 2.2 to 5.5 V 

• Operating clock: 4 MHz ceramic resonator/32.768 kHz crystal resonator 

• OTP product: nPD17P204GC is available. 
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PIN CONFIGURATION (Top View) 



VXRAM O- 
V D D o- 



X|N O- 



XOUT O* 



GND O- 



VDouT O* 
XT !N o- 



XTQUT °- 



GND 5 O- 



O 

5 i 



c/> S> Ico H- t- j- 
,9 /?* ,T ,9 ^ ^ — 9 £? (N o n 

9 9 



52 51 50 49 48 47 46 45 44 43 42 41 40 

O 



19 20 21 22 23 24 25 26 



O «- CM 
< < < 

£ £ £ 



-«-0 P0D 2 
—O POD! 



— O P0D 
— O P0C 3 



*o P0C 2 
♦O POC1 



-O GND4 
*0 P0C 



— O POB3 
—O P0B 2 



♦O P0B| 
•O P0B 



•O POA3 



LED : Remote controlled transmit output 
display pin 

REM : Remote controlled transmit output 

X|N# Xqut " ^ a ' n c ' oc ' c osc '" ator connect pin 

RESET : Reset input pin 

VDqut *• Low-voltage detector output pin 

XT|n, XTqut : Subclock oscillator connect pin 

V REG : Subclock voltage regulator output 
pin 

AMPIN— : Operation amplifier input pin 

AMPOUT : Operation amplifier output pin 

Vref : Reference voltage output pin 

CMPIN+ : Comparator input pin 

CMPOUT : Comparator output pin 

TMOIN : Timer input pin 

INT : External interrupt input pin 



TM0OUT 


Timer output pin 


TM10UT 


Timer 1 output pin 


TM20UT 


Timer 2 output pin 


scic 


Serial clock input/output pin 


SO 


Serial data output pin 


SI 


Serial data input pin 


POAo to P0A 3 


Input/output ports 


P0B to POB3 


Input/output ports 


P0C to POC3 


Input/output ports 


P0D to POD3 


Input/output ports 


P1A to PIA3 


Input/output ports 


P1B to PIB3 


Input/output ports 


P1C to PIC3 


Input/output ports 


V DD 


Power supply 


V XRAM 


XRAM power supply 


GND 


Ground 
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BLOCK DIAGRAM 



POAq 
POAt 
P0A 2 
P0A 3 



POB 
POBt 
P0B 2 
POB3 



POC 
POCt 

P0C 2 
POC3 



POD 
POD-i 
P0D 2 
POD3 



P1Aq 
P1At 

P1A 2 
P1 A3 



P1B-I/TMOOUT 
P1B 2 /TM10UT 
P1B3/TM20UT 



P1C /SCK 
PICt/SO 
PIC2/SI 
PIC3 







V 







c 



A 

V 



A 
V 



A 
V 



™„a 



T im er2/ A A 
Counted V 







Serial A 

i/o \iy 



/ — \r 
\ — A 



RF 



RAM 
3 36 x 4 bits 
| SYSTEM REG. 




ROM 
7 936x 16 bits 



Program Counter 

— ^ 

Stack 7x13 bits 



XRAM 
2 048 x 4 bits 



A~\ 



Voltage 
Detecter 



Power 
Supply 
Circuit 



Remote 
Control 
Receiver 



Remote 
Control 
Transmitter 



A~\ Interrupt 
\f-y Controller 



H/VH 



CPU Clock 

Watch Timer"} * j Divider } -< ■ — Q<C[[^j — 



VDoUT 
V DET 

GND5 

V D D 

V XRAM 

VREF 

GNDq 

GNDt 

GND 2 

GND3 

GND 4 



TMOIN 

CMPOUT 

CMPIN+ 

AMPOUT 

AMPIN— 



-O RESET 



-O X| N 



-O XquT 



-O XTquT 
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FUNCTIONAL COMPARISON BETWEEN /iPD17203A AND /xPD17204 



Product Name 


MPD17203A 


MPD 17204 


ROM 


4096 x 16 bits 


7936 x 16 bits 


RAM 


336 x 


4 bits 


SRAM 


4096 x 4 bits 


2048 x 4 bits 


Instruction execution time 


4 ms (when 4 MHz ceramic oscillator is used) 


Stack level 


5 levels 


7 levels 


Input/output port 


28 ports 


Serial interface 


8-bit 3-wire: 1 channel 


Interrupt 


7 channels 

External interrupt: 1 channel 
Internal interrupt: 6 channel 


Timer 


4 systems 
8-bit timer 
10-bit timer 
16-bit timer 

Watch timer (which also serves as a watchdog timer) 


Standby function 


STOP mode, HALT mode 


Recommended operating voltage range 


V DD = 2.2 to 5.5 V 


Package 


52-pin plastic QFP 
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4-BIT SINGLE-CHIP MICROCONTROLLER 

The H.PD17301 is a 4-bit single-chip microcontroller with on-chip DTMF generator, DTMF receiver, and abbreviated dial 
memory. 

The CPU uses H-PD17000 architecture. Since all instructions have a 16-bit word configuration, efficient programming is 
possible. 

The package is a 64-pin plastic QFP. 



FEATURES 

• M-PD1 7000 architecture 

• Program memory (ROM): 16K bytes (8192 x 16 bits) 

• Data memory (RAM): 336 words (336 x 4 bits) 

• Repertory dial memory 768 words (768 x 4 bits) 

• On-chip DTMF generator 

• On-chip DTMF receiver 

• Serial interfaces: 2ch 

• Abundant I/O ports: 48 

• 8-bit A/D converter: 4ch 

• Abundant interupt functions (external cause: 2, internal cause: 7) 

• Stack level: 7 levels (multiple interrupt: max. 3 levels) 

• Timer: 4 (8-bit modulo timer: 3, basic interval timer: 1) 

• Standby function (STOP mode, HALT mode) 

• Instruction execution time: 2.23 \ls (when 3.58 MHz ceramic oscillator used) 

• Operating voltage range: 2.0 to 5.5 V 

• Program evaluation OTP product: p.PD17P301GF 
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MPD17301 BLOCK DIAGRAM 



K W 







M 
W 



M 

W 



M 



M 
W 







M 
W 



M 





RF 


/LA 




RAM 


vV 




336 x 4 bits 






SYSTEM REG. 



v- 



MT 

W 



ROM 
8192 x 16 bits 



3 



Instruction 
Decoder 



Program Counter 



Stack 7x13 bits 



8 bits 
Timer/ 
Counter-0 



M 
W 



8 bits 
Timer/ 
Counter-1 



M 
W 



Basic fl-k 
Interval Timer 




VxRAM O- 



n 





Repertory 


} 


Dial 




Memory 




768 x 4 bits 




-O P3C /SCK 
O P3C-|/SO 
O P3C 2 /SI 
-O P3C 3 /TM20UT 



DTMFIN+ 
DTMFIN— 
DTMFGC 



AV DD 
AGND 



O P3D /ADC 
O P3D-|/ADC-| 
■O P3D 2 /ADC 2 
O P3D 3 /ADC 3 



Interrupt I — O INTq 
Controller — O INTi 



System Clock 
Generator 



>X|N 
>X UT 
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4-BIT SINGLE-CHIP MICROCONTROLLER FOR VCR CAMERA 

H.PD17401 is a 4-bit single-chip microcontroller for the home VCR camera with an on-chip image display controller and 
LCD controller/driver. 

The Image Display Controller (IDC) has various screen display functions. It can display graphics as well as characters. All 
the display fonts are user-programmable and can be specified freely. Debugging is possible while actually outputting these 
displays from the time of the program development. 

It has an on-chip LCD controller/driver for displaying the operating condition of the camera and serial interface circuit for 
communication with peripheral devices. It also has an on-chip 6-bit A/D converter and 32 kHz clock counter. 

The CPU, which has no accumulator and in which the 1 7K architecture to allow the data memory to be operated directly 
is adopted, enables very efficient programming. 

As the |j.PD1 7401 system development tools, the easy-to-use IE-1 7K (incircuit emulator) and assembler are available. 



FEATURES 

• A 4-bit single-chip microcontroller for the home 
VCR camera 

• Program memory (ROM): 12288 x 16 bits 

• Data memory (RAM): 524 x 4 bits 

• Stack level: 7 

• Instruction set comprising 36 easy-to-understand 
instructions 

• Decimal capability 

• Instruction execution time: 1.6 ^is (at 10 MHz 
oscillator connection) 

• With IDC on-chip (Image Display Controlled (user- 
programmable) 

Number of display characters: Max. 1 55 per screen 
Display position: 14 lines x 25 columns 
Character types: 256 types 
Character format: 10x15 dots (framable) 
Character size: 4 types settable independently 
between vertical and horizontal (14, 28, 42, 56H) 
(2.5, 5.0, 7.5, 10 ^is) 



• On-chip LCD controller/driver 

35- segment, 4-common or 

36- segment, 3-common 

• On-chip serial Interface 

(2-system, 3-channel: 3-wire and 2-wire) 

• On-chip 6-bit A/D converter: 1 input 

• On-chip 32 kHz clock counter (V DD = 2.2 to 5.5 V) 

• On-chip power failure detection circuit and power- 
on reset circuit 

• Interrupt pins: 2 pins 

• Various range of I/O ports 

Input/output ports: 20 (including dual-function 
pins) 

Output ports: 16 (including dual-function pins) 

• 5V±10% 

• CMOS low power consumption 

• 80-pin plastic QFP (14 x 14 mm) 

• One-time PROM product: U.PD17P401GC-3B9 
available 
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PIN CONFIGURATION (Top View) 



CM N N CM N 



Q Q Q Q 
O O U CJ 



OT-CMCOOT-CMnOv-CMCO 

Q Q □ □ < <<< QQQ Q 
K. SI K. E Q- 



5 2 
O O 



Q- Q_ Q_ D_ 



_ _„QQQQQQQQ 

CJUUOOOOOO O OCJ 



— I O (J U — I — I 

099 999999 9999 00 999 9 9 



LCDt 9 

■■LCD 18 -' 
LCD-17 
LCD 16 , 



LCD 15 /KS 15 o. 
LCD-I4/KS14 O- 
LCD 13 /KS 13 O- 

LCD12/KS12 o- 
LCDn/KS-11 o- 

LCD10/KS10 o* 

LCD9/KS9 o- 

LCD 8 /KS 8 O- 

LCD7/KS7 O* 

LCD 6 /KS 6 O- 

LCD5/KS5 a- 

LCD4/KS4 O- 

LCD3/KS3 o- 

LCD2/KS2 o- 
LCD1/KS-1 o- 
LCDo/KSq o- 



) 79 78 77 76 75 74 73 72 71 70 

o 



67 66 65 64 63 62 61 
60 

59 

58 

57 

56 



21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 



6 6 66666666666666 



<- O N N r- r 

00 CO CJ V O V 

£ E 2 £ g ^ 



U Q Z I— 

7- ? c t 5 



-O POC-i 
*o P0C 2 
«K> P0C 3 

P2A 
•O P2A-|/SI-| 

P2A2/SCK-| 
-O P2A3/SO-1 
-O GND 
-O XTquT 
-O XT| N 
-O VqD2 
-O INT1 
-O INTo 
-O P0B 
-O P0B-|/ADC 
-O P0B 2 /STPRLS 
-O POB3/SI0 
-O POAq/SOo 

POAt/SCKq 
-O P0A 2 /SCL 



POAo to POA3 


Input/output ports 


ADC 


A/D converter input 


POBq to POB3 


Input/output ports 


SDA 


Serial data input/output 


POCo to POC3 


Input/output ports 


SCL 


Serial clock input/output 


PODq to POD3 


Output ports 


sio.sh 


Serial data input 


P1A to'P1A 3 


Output ports 


SOo, SO-] 


Serial data output 


P1 B to P1 B 3 


Input/output ports 


sck5,sck7 


Serial clock input/output 


P1 Co to P1 C3 


Output ports 


X||\|, x OUT 


Main clock oscillation circuits 


P1 D to P1 D 3 


Output ports 


XT|n, XTOUT 


Subclock oscillation circuits 


P2A to P2A 3 


Input/output ports 


OSC|N, OSCouT 


IDC oscillation circuits 


KSq to KS15 


Key source signal output 


IDCo to IDC2 


IDC display signal output 


LCDo to LCD35 


LCD segment signal output 


BLKq to BLK2 


Blanking signal output 


COMq to COM3 


LCD common signal output 


HSYNC 


Horizontal synchronizing signal input 


CKOUT 


Subclock output 


VSYNC 


Vertical synchronizing signal input 


STPRLS 


Stop mode release input 


VdD1« V DD2 


Power supply 


CE 


Chip enable input 


GND 


Ground 


INTo, INT1 


External interrupt input 
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BLOCK DIAGRAM 



XTin < 
XTQUT < 



INT < 
INTi < 



POB < 
POB-|/ADC < 
POB2/STPRLS ( 
POB3/SI0 < 



n 



/"-A 
W 



3 



RAM 
524 x 4 bits 



SYSTEM REG. 



ROM 
12288 x 16 bits 



HZ 



1 Program Counter 

11 



Stack 7x12 bits 





osc 




c 




c 




> 8 



~ \ Instruction 
Decoder 



LCD 

Controller 



00300 



6 6 

o o 

O V 

% £ 



66O6 

s S 2 



0000 6060 

O *~ CM 00 Ot-CNCO 
OOOO CD CO CD 00 



Q. Q.O.O. 



QL.Q-Q.Ol 



XOUT 



-O OSC, N 



-O OSCquT 



-O BLK 
-O IDCq 



-O HsYNC 



-O VSYNC 



— O PICo/BLKt 
-O PIC^ID^ 
-O P1C 2 /BLK 2 
-O PIC3/IDC2 



-O LCDo/KSq 
-O LCDt/KSi 



-O LCD 14 /KSi4 
-O LCD 15 /KS 15 
-O LCDt 6 

-O LCD22 

-O LCD23/COM3 



-O COM2 
-O COM-i 



-O COMq 

-O LCD24/PID0 

-O LCD25/PID1 



-O LCD35/P0D3/CKOU1 



O V DD1 
O V DD2 
O GND 
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LIST OF FUNCTIONS 



Product Name 


/tPD 17401 


MPD17P401 


ROM 


12288 x 16 bits (Mask ROM) 


12288 x 16 bits (One-time PROM) 


RAM 


524 x 4 bits 


System register 


12x4 bits 


Register file 


45 x 4 bits (Control register) 


Port register 


6x4 bits 


Instruction execution time 


1.6 ms (at 10 MHz oscillator connection) 


Stack levels 


7 levels 


Serial interface 


• 2-system, 3-channel 
3-wire and 2-wire 


Interrupt 


• 2 channels 


Timer 


• 2 systems 

8-bit timer (10 ms, 100 ms, 500 ms, 1 ms (at 10 MHz oscillator connection)) 
Clock timer (100 ms (at 10 MHz oscillator connection)) 


Standby function 


• STOP, HALT 


Supply voltage 


Vqd = 4 -5 to 5.5 V (32 kHz clock counter operated at 2.2 to 5.5 V) 


Package 


80-pin plastic QFP (14 x 14 mm) 
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4-BIT SINGLE-CHIP MICROCONTROLLER FOR VCR CAMERA 

H.PD17P401 is a product which has replaced an on-chip mask ROM in 4-bit single-chip microcontroller jiPD17401 for a 
VTR camera with an on-time PROM. p.PD17401 allows write operation only once. It is effective for small production of a set, 
and an earlier start-up. 

|iPD17P401 incorporates an image display controller (IDC) and an LCD controller/driver. Since it can be operated on the 
same power-supply voltage as for the mask product, it is the most suitable for preproduction and small production at system 
development. 



FEATURES 

• Fully compatible with nPD17401 

• Program memory (one-time PROM): 
12288 x 16 bits 

• Data memory (RAM): 524 x 4 bits 

• Stack level: 7 

• Instruction set comprising 36 easy-to-understand 
instructions 

• Decimal operation capability 

• Instruction execution time: 

1.6 ^is (at 10 MHz oscillator connection) 

• On-chip Image Display Controller (IDC) (user 
programmable) 

Number of display 

characters: Up to 155 characters on one screen 
Display position: 14 lines x 24 digits 
Character types: 256 types 
Character format: 10x15 dots (Can be fringed) 
Character size: 4 types can be independently set 
for each of vertical and horizontal directions. 
(14, 28, 42, 56H) (2.5, 5.0, 7.5, 10 ^is) 



• On-chip LCD controller/driver 

35-segment, 4-common or36-segment, 3-common 

• On-chip serial interface 

(2 -system, 3-channel: 3-wire and 2-wire) 

• On-chip 6-bit A/D converter: 1 input 

• On-chip 32 kHz clock counter (V DD = 2.2 to 5.5 V) 

• On-chip power failure detection circuit and power- 
on reset circuit 

• Interrupt pins: 2 pins 

• Various range of I/O ports 

Input/output ports: 20 (dual-function pin included) 
Output ports: 16 (dual-function pin included) 

• 5V±10% 

• CMOS low power consumption 

• 80-pin plastic QFP (14 x 14 mm) 

• Mask PROM product: 
^PD17P401GC-xxx-3B9 is available 
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PIN CONFIGURATIONS (Top View) 
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POAq to POA3 
POBq to POB3 
POCo to POC3 
PODq to POD3 
PIAoto PIA3 
P1 Bo to P1 B3 
P1CotoP1C3 
P1 Do to P1 D3 
P2Ao to P2A3 
KSotoKSiB 
LCDo to LCD35 
COMo to COM3 
CKOUT 
STPRLS 
CE 

INT . IN^ 

ADC 

SDA 



Input/output port 
Input/output port 
Input/output port 
Output port 
Output port 
Input/output port 
Output port 
Output port 
Input/output port 
Key source signal output 
LCD segment signal output 
LCD common signal output 
Subclock output 
Stop mode release input 
Chip enable input 
External interrupt input 
A/D converter input 
Serial data input/output 



SCL 
Slo. Sh 
SOo, SO1 
SCKq\SCK7 
X|N» XOUT 
XT|N, XTOUT 
OSC|N, OSCoUT 
IDCoto IDC2 
BLKq to BLK2 
HSYNC 



VSYNC 
CLK 

MD0 to MD3 
DO to D7 
V P p 

VDD1. VDD2 
GND 



Serial clock input/output 

Serial data input 

Serial data output 

Serial clock input/output 

Oscillation circuit for main clock 

Oscillation circuit for subclock 

Oscillation circuit for IDC 

IDC Display signal output 

Blanking signal output 

Horizontal synchronous signal input 

Vertical synchronous signal input 

Clock input for PROM 

Mode selection input for PROM 

Data input/output for PROM 

Power supply for PROM 

Power supply 

Ground 
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BLOCK DIAGRAM 



XT, N < 
XTQUT < 



INT /VppC 
INT! C 



n 



W 



RAM 
524 x 4 bits 



SYSTEM REG. 



One-Time PROM 
12288x 16 bits 



u , ~TT . 

| Program Counter | 



^ ^ | Stack ^Vt~2 bits | 





osc 


c 


c 








-V 



sxxino 



O O -I < 

O * O Q 

CO cj oo oo 

£ | £ £ 



6 6 6 6 

f f f f 
2 f2 



6666 

Sjr cm co 
Q Q Q 

££££ 



6666 



m oo 
51 51 51 



-O X| N /CLK 
-O XQUT 



-O OSCin 
-O OSCQUT 



-O BLK 
-O IDC 
-O H S YNC 
— O V S YNC 



-O P1C /BLKi 
— O PIC1/IDC1 
-O P1C 2 /BLK 2 
-O PIC3/IDC2 



-O LCDq/KSo 
_0 LCDt/KSi 



-O LCD 14 /KS14 
-O LCD15/KS15 
-O LCD! 6 

-O LCD22 

-O LCD23/COM3 

-O COM2 

-O COM-| 

-O COMo 

-o LCD24/P1 do/do 

-o LCD 2 5/P1 D 1/ D1 



-O LCD35/POD3/CKOU7 



O v DD1 

O V DD2 
O GND 
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FUNCTION LIST 



Product Name 


MPD1 7401 


MPD17P401 


ROM 


12288x16 bits (mask ROM) 


1 2288 x 1 6 bits (One-time PROM) 


RAM 


524 x 4 bits 


System register 


12x4 bits 


Register file 


45 x 4 bits (control register) 


Port register 


6x4 bits 


Instruction execution time 


1.6 jus (at 10 MHz oscillation) 


Stack level 


7 levels 


Serial interface 


• 2-system, 3 channel 
3- wire and 2-mre 


Interrupt 


• 2 channels 


Timer 


• 2-system 

8-bit timer (10 jus, 100 /us, 500 ms, 1 ms (at 10 MHz oscillation)) 
clock timer (100 ms (at 10 MHz oscillation)) 


Standby function 


• STOP, HALT 


Power supply voltage 


Vqd = 4.5 to 5.5 V (32 kHz counter for clock is operated at 2.2 to 5.5 V. 


Package 


80-pin plastic QFP (14x14 mm) 
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Chapter 2 Data memory addressing 3 - 4 
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CHAPTER 1 GENERAL 

1.1 GENERAL DESCRIPTION 

Each instruction of the aiPD17000 series is composed of 16 bits per word. The instruction set contains 47 useful 

instructions having the following features: 

(1 ) Permitting operation between memories in single step 

(2) Permitting both binary and decimal calculation 

(3) Permitting table reference on program memory (ROM) 

(4) Permitting branching and subroutine call using the register value as address 

(5) Well-arranged 47 types of instructions 

This manual explains the instructions of the /uPD17000 series. However, some instructions are inapplicable or 
limited in usage for certain products. Careful reference should be taken to the data sheet of the product you want 
to use before creating a program. 

1.2 CONFIGURATION OF INSTRUCTION 

The instruction codes of juPD1 7000 series are classified into the following three types: 

(1) operand instruction 

Instructions 'INC AR\ 'PUSH AR', 'RET', etc. These instructions have a unique or no operand. 

(2) 1 operand instruction 

Instructions 'RORC r', 'STOP s', etc. The address or immediate data is described in the operand. 

(3) 2 operand instruction 

Instructions 'ADD r, m', 'ADD m, etc. Two addresses, or an address and immediate data are described in 
the operand. 
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CHAPTER 2 DATA MEMORY ADDRESSING 



A data memory address is composed of a bank (four bits), row address (3 bits) and column address (four bits). 

2.1 DIRECT ADDRESSING OF DATA MEMORY 

When directly specifying data memory, the bank is specified by the BANK (bank register: 79H) of the system 
register, and the row address and column address are specified by the instruction operand m (seven bits). 

[Example] 

If BANK = 0, 

MOV 43H, #2H 

r' — — I m med iate data 
Address (Column address = 3, row address = 4) 



Bank 

1 

Bank 1 

1 

2 



01 23456789ABCDEF < Column address 
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The memory area 74H to 7FH of each bank 
is the system register. 







































































The memory area 74H to 7FH of each bank 
is the system register. 
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2.2 GENERAL-PURPOSE REGISTER ADDRESSING 

When specifying a general-purpose register, the bank and row addresses are specified by RPH and RPL (register 
pointer: 7DH, 7 EH) of the system register, and the column address is specified by the instruction operand r (four 
bits). 



[Example] 

When BANK = 0, RPH = 0, and RPL= 1; 
ST 43H, 2H 

"t-— Genera I -purpose register column address 
—Address 



RPL RPH 

1 

Bank 001 234567 



Bank 1 

1 
2 
3 
4 
5 



9 A B C D E 



















































































































































































































































The memory area 74H to 7FH of each bank 
| is the system register. | 











































































The memory area 74H to 7FH of each bank 
| is the system register. | 



- General-purpose 
register 
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2.3 INDEX MODIFICATION ADDRESSING OF DATA MEMORY 

If IXE (index addressing enable flag: 7FH.0) of the system register is set '1 ', the data memory address is speci- 
fied as the ORed result of the address specified by the system register BANK (bank register: 79H) and instruction 
operand m (seven bits) and the contents of system register IXH, IXM, and IXL (index register: 7 AH, 7BH, and 
7CH). 



[Example] 

If BANK = 0, IXE = 1 , IXH = 0, IXM = OEH, and IXL = 8; 
MOV 43H, #2H 

—Immediate data 
-Address 

Data memory address = [BANK, m] OR [IXH, IXM, IXL] 

= [0000 1 00001 1 B] R [000 1 1 1 1 000B] 
= [0001 1 10101 1B] 
= 6BH of bank 1 



I A 



Bank 1 

1 
2 
3 
4 
5 
6 
7 



Bank 

1 











































































































































































































































The memory area 74H to 7FH of each bank 
| is the system register. | 











































































The memory area 74H to 7FH of each bank 
| is the system register. | 
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2.4 GENERAL-PURPOSE REGISTER INDIRECT ADDRESSING OF DATA MEMORY 



The data memory address specification method for executing the general-purpose register indirect transfer in- 
struction 'MOV @r, m' and 'MOV m, @r' is explained below. 



(1) When MPE = 0, IXE = 

The bank for direct specification by operand m is specified by the system register BANK (bank register: 79H) 
and the row address and column address are specified by the instruction operand m (seven bits). 
The bank for indirect specification by operand @r is specified by the system register BANK (bank register: 
79H), and the row address is specified by the upper three bits of operand m. The column address is specified by 
the value of the general-purpose register. The bank and row address of the general-purpose register are specified 
by the system register RPH and RPL (register pointer: 7DH, 7EH), and the column address is specif ied by the 
instruction operand r (four bits). 

Accordingly, indirect transfer with MPE = and IXE = occurs within the same row address of the same bank. 



[Example] 

When BANK = 0, RPH = 0, RPL = 0, and the value of address 0.02H is 8H; 
MOV 43H, @2H 

-Indirect specification address 
-Direct specification address 
Direct specification address = [BANK, m] 

= [0000 1 00001 1 B] 
= 43Hof bankO 
Indirect specification address = [BANK, mg.4, (R)] 
= [0000 1 00 1 000B] 
= 48H of bank 



RPL RPH 
i 

Bank 1 2 3 4 5 6 



Bank 1 

1 
2 
3 
4 
5 







8H 
















































































































































































































































The memory area 74H to 7FH of each bank 
| is the system register. | 











































































The memory area 74H to 7FH of each bank 
| is the system register. | 
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(2) When MPE - 1 and IXE = 

The bank for direct specification by operand m is specified by the system register BANK (bank register: 79H), 
and the row address and column address are specif ied by the instruction operand m (seven bits). 
The bank for indirect specification by operand @r and the row address are specified by the MPH and MPL 
(memory pointer: 7AH, 7BH) of the system register, and the column address is specified by the value of the 
general-purpose register. The bank and row address of the general-purpose register are specified by the RPH and 
RPL (register pointer: 7DH, 7EH) of the system register, and the column address is specified by the instruction 
operand r (four bits). 

Accordingly, when MPE = 1 and IXE = 0, indirect data transfer is allowed between any data memories. 



[Example] 

When BANK = 0, MPH = 0, MPL = 3, RPH = 0, RPL = 0, and the value of 0.02H address is 8H; 
MOV 43H, @2H 

— Indirect specification address 
— Direct specification address 
Direct specification address = [BANK, m] 

= [0000 100001 1B] 
= 43HofbankO 
Indirect specification address = [MPH, MPL, (R)] 
= [000 001 1 1 000B] 
= 38H of bank 



Bank 

1 



2 3 4 5 



9 A B C D E 







8H 
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The memory area 74H to 7FH of each bank 
| is the system register. | 











































































The memory area 74H to 7FH of each bank 
| is the system register. | 



3-8 



NEC 



HPD17K-FAMILY 



(3) When MPE = and IXE= 1 

The bank, row address and column address for direct specification by operand m are specified by the ORed 
result of the address specified by the system register BANK (bank register: 79H) and instruction operand m 
(seven bits) and the contents of system registers IXH, IXM and IXL (index registers: 7AH, 7BH, 7CH). 
The bank and row address of the indirect specification by operand @r are specified by the ORed result of 
the address specified by the system register BANK (bank register: 79H) and the upper three bits of operand 
m and the contents of system registers IXH and IXM (index registers: 7AH, 7BH). The column address is 
specified by the value of the general-purpose register. The bank and row address of the general-purpose register 
are specified by the system registers RPH and RPL (register pointers: 7DH, 7EH), and the column address is 
specified by the instruction operand r (four bits). 

If MPE = and IXE = 1 , indirect transfer of data occurs within the same row address of the same bank. 
[Example] 

When BANK = 0, IXH = 0, IXM = 2, IXL = 4, RPH = 0, RPL = 0, and the value of address 0.02H is 8H; 
MOV 43H, @2H 

I — Indirect specification address 

' Direct specification address 

Direct specification address = [BANK, m] OR [IXH, IXM, IXL] 

= [0000 100001 1B] OR [000 0010 01 00B] 
= [0000 11 001 11 B] 
= 67HofbankO 

Indirect specification address = [BANK, m 6 _ 4 , (R)] OR [IXH, IXM, 0] 

= [0000 100 1000B] OR [000 0010 0000B] 
= [0000 101 1000B] 
= 58HofbankO 



Bank 

1 

Bank 1 q 

1 
2 
3 
4 
5 



1 2 3 4 5 6 7 



A B C D E F 







8H 
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The memory area 74H to 7FH of each bank 
| is the system register. | 











































































The memory area 74H to 7FH of each bank 
| is the system register. | 
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(4) When MPE = 1, IXE= 1 

The bank, row address, and column address by direct specification with operand m are specified by the O Red 
result of the address specified by the system register BANK (bank register: 79 H) and instruction operand m 
(seven bits) and the contents of the system registers IXH, IXM, and IXL (index registers: 7 AH, 7BH and 7CH). 
The bank and row address by indirect specification with operand @r is specified by the system registers MPH 
and MPL (memory pointers; 7 AH, 7BH), and the column address is specified by the value of the general-purpose 
register. The bank and row address of the genera I -purpose register are specified by the system registers RPH and 
RPL (register pointers: 7DH, 7EH), and the column address is specified by the instruction operand r (four 
bits). 

Accordingly, indirect data transfer with MPE = 1 and IXE = 1 is allowed between any data memories. 



[Example] 

When BANK = 0, IXH (MPH) = 0, IXM (MPL) = 2, IXL = 4, RPH = 0, RPL = 0, and value of address 0.02H is 8H; 
MOV 43H, @2H 

f— — Indirect specification address 
-Direct specification address 
Direct specification address = [BANK, m] OR [IXH, IXM, IXL] 

= [0000 100001 1B] OR [000 0010 01 00B] 
= [0000 1 10011 1B] 
= 67HofbankO 
Indirect specification address = [MPH, MPL, (R)] 

= [000 0010 10000B] 
= 28H of bank 



Bank 

1 

Bank 1 q 



1 2 3 4 5 



A B C D E F 







8H 
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CHAPTER 3 INSTRUCTION SET 



This chapter explains the instruction set. The abbreviations used in the explanation of instruction set are shown 
below: 



(X) : Value of data memory or register indicated by X (four bits) 

[X, Y, Z] : Address consisting of upper 4 bits (X), medium 3 bits (Y) and lower 4 bits (Z) (Total 11 bits) 

M Data memory address 

If IXE = 0, then M = [(BANK), m H , m L ] 

If IXE = 1,then M = [(BANK), m H , m L ] OR (IX) 

IXE Index enable flag 

(BANK) : Bank register value (4 bits) 

mH : Data memory row address (3 bits) 

mi_ Data memory column address (4 bits) 

(IX) : Index register value (1 1 bits) 

R : General-purpose register address 

R= [(RPhURPlUJ 

(RPh) General-purpose register bank (4 bits) 

{ RP L ) : General-purpose register row address (3 bits) 

r General-purpose register column address (4 bits) 

i immediate data (4 bits) 

addr : Address of branching destination 

CY : Carry flag 

SP : Stack pointer 

STACK Stack value indicated by stack pointer 

AR Address register 

DBF : Data buffer 

WR : Window register 

rf : Register file address 

rfn : Upper 3 bits of register file address 

rf |_ : Lower 4 bits of register file address 

p Address of peripheral circuit 

Ph : Upper 3 bits of peripheral circuit address 

p L : Lower 4 bits of peripheral circuit address 



Note: Unless otherwise specified, the following conditions are used: 
BANK =0 
RPH =0,RPL = 
IXE =0 

The data memory address is represented by direct address. When actually using an assembler, be sure to use 
the type MEM symbol. Any description of memory address directly into the operand will cause an error. 
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3.1 ADD r, m Add data memory to general register 

(1) Instruction code 



00000 


m H 


m L 


r 



(2) Function 

If CMP = 0, R<-(R) + (M) 

The contents of the data memory addressed by M is added to the contents of the general-purpose register 

indicated by R, and the results are stored into the general -purpose register indicated by R. 

If CMP = 1, then (R) + (M) 

No results are stored. The flag only changes. 

If a carry is made, set a carry flag (CY). If no carry is made, reset the carry flag (CY). 
If the result of addition is other than zero, the zero flag (Z) is reset. 

If the result of addition is zero, the zero flag (Z) will be set when the compare flag is in the reset status (CMP = 
0). When the compare flag is in the set status (CMP = 1), the zero flag (Z) will not be changed if the result of 
addition is zero. 

There are two types in addition: binary operation and BCD operation. The addition type is selected by the BCD 
flag (BCD) of PSW. 



(3) Example 1 

When the row address (0.00H to O.OFH) of bank is specified as general-purpose register (RPH = 0, RPL = 0), 
the-result of addition of the contents of 0.2FH address is stored to the contents of 0.03H address. 

0.03H-M0.03H) + (0.2FH) 

MOV BANK, #00H ; Data memory bank 

MOV RPH, #00H ; General-purpose register bank to 

MOV RPL, #00H ; General-purpose register row address to 

ADD 03H, 2FH 

Example 2 

When row address 2 (1.20H to 1.2FH) of bank 1 is specified as general-purpose register (RPH = 1, RPL = 4), 
the content of address 1 .23H is added to the content of address 0.2FH, and the results are stored into address 
1.23H. 

1.23H<-(1.23H) + (0.2FH) 

MOV BANK, #00H ; Data memory bank 

MOV RPH, #01 H ; General-purpose register bank 1 

MOV RPL, #04H ; General-purpose register row address 2 

ADD 03H, 2FH 
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Example 3 

The result of addition of. the contents of address 0.03H and address 0.6FH is stored into address 0.03H. If 
IXE = 1,IXH = 0,IXM = 4, and IXL = 0, that is, if IX = 0.40H, then the data memory 0.6FH can be specified 
by setting the data memory address at 2FH. 
0.03H <- (0.03H) + ( 0.6FH ) 

— ORed result of index register content 0.40H and data memory 
address 0.2FH 
MOV RPH, #00H ; General-purpose register bank 
MOV RPL, #00H ; General-purpose register row address 
MOV IXH, #00H ; IX <- 00001 000000 B 
MOV IXM, #04H 
MOV I XL, #00H 
SET1 IXE 
ADD 03H, 2FH 



IXE flag «- 1 
IX 

Bank operand OR 
Specified address 



00001 OOOOOOB (0.40H) 
00000101 11 IB (0.2FH) 
00001 101 111B(0.6FH) 



Example 4 

The result of addition of the contents of address 0.03H and address 2..3FH is stored into address 0.03H. If 
IXE = 1, IXH = 1, IXM = 1, and IXL = O.that is, if IX = 2.1 OH, then the data memory 2. 3FH can be specified 
by setting the data memory address at 2FH. 
0.03H<-(0.03H) + (2.3FH ) 

— — ORed result of the content of index register 2.1 OH and data memory 
address 0.2FH 



MOV BANK, #00H 
MOV RPH, #00H 
MOV RPL, #00H 
MOV IXH, #01 H 
MOV IXM, #01 H 
MOV IXL, #00H 
SET1 IXE 
ADD 03H, 2FH 



General-purpose register bank 
Genera I -purpose register row address 
IX«-00100010000B (2.1 OH) 



IXE flag ^1 
IX 

Bank operand OR 
Specified address 



001 0001 OO00B (2.1 OH) 
00000101 1 11B (0.2FH) 
0010011 11 11B(2.3FH) 



(4) Note 



The 1st operand of 'ADD r, m' instruction is the column address of general-purpose register. If it is described as 
follows, the general-purpose register column address is taken as 03H. This will not cause any error in assembling. 
ADD 13H, 2FH 

— Genera I -purpose register column address is meant. 
The lower 4 bits are significant. 
If CMP flag = 1 , no added result is stored. 
If BCD flag = 1 , the result of decimal operation is stored. 
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3.2 ADD m,#i Add immediate data to data memory 

(1) Instruction code 



10000 




m L 


i 



(2) Function 

If CMP = 0, then M «- (M) + i 

The immediate data i is added to *he content of data memory addressed by M, and the result is stored into the 

data memory addressed by M. 

If CMP = 1 , then (M) + i 

No result is stored. Only the flag changes. 



If any carry occurs as a result of addition, the carry flag (CY) is set. If no carry occurs, the carry flag (CY) is 
reset. 

If the result of addition is other than zero, the zero flag (Z) is reset. 

If the compare flag is reset (CMP = 0) when the result of addition is zero, the zero flag (Z) is set. If the compare 
flag is set (CMP = 1 ), the zero flag (Z) will not change when the result of addition turns zero. 
There are two types of addition: binary operation and BCD operation. The addition type is specified by the 
BCD flag (BCD) of PSW. 

(3) Example 1 

Value 5 is added to the content of address 0.2FH, and the result is stored to address 0.2FH. 
0.2FH <- (0.2FH) + 5 
ADD 2FH, #05H 

Example 2 

Value 5 is added to the content of address 0.6FH, and the result is stored to address 0.6FH. If IXE = 1, 
IXH « 0, IXM = 4, and IXL = 0, that is, if IX = 0.40H, then the data memory 0.6FH can be specified by setting 
the data memory address at 2FH. 
0.6FH <- ( 0.6FH ) + 05H 

-ORed result of the index register content 0.40H and data 
memory address 0.2FH 



MOV 


BANK, #00H ; 


Data memory bank 


MOV 


IXH, #O0H ; 


IX <- 00001 000000B (0.40H) 


MOV 


IXM, #04H 




MOV 


IXL, #00H 




SET1 


IXE ; 


IXE flag ^- 1 


ADD 


2FH, #05H ; 


IX 00001000000B 



Bank operand OR "> 00000101 1 11 B (0.2FH) 
Specified address 00001 101 1 1 1 B (0.6FH) 
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Value 5 is added to the content of address 2.2FH, and the result is stored to address 2.2FH. If IXE « 1, 
IXH = 1 , IXM = and IXL = 0, that is, if IX = 2.00H, then the data memory 2.2FH can be specified by setting 
the data memory address at 2FH. 
2.2FH<-( 2.2FH ) + 05H 

f— -ORed result of index register content 2.00H and data 
memory address 0.2 FH 

MOV BANK, #00H ; Data memory bank 

MOV IXH, #01 H ; iX <-00100000000B 

MOV IXM, #00H 

MOV IXL, #00H 

SET1 IXE ; IXE flag «- 1 

ADD 2FH, #05H ; IX 001 00000000B (2.00 H) 

Bank operand OR ") 00000101 1 1 1B (0.2FH) 
Specified address 00100101 1 1 1B (2.2FH) 



(4) Note 

If CMP flag = 1 . then no addition result is stored. 

If BCD flag = 1 , the result of decimal operation is indicated. 
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3.3 ADDC r, m Add data memory to general register with carry flag 

(1) Instruction code 



00010 


m H 


m L 


r 



(2) Function 

If CMP = 0, then R «- (R) + (M) + CY 

The content of general-purpose register indicated by R, the content of data memory addressed by M and the 
value of carry flag (CY) are added, and the result is stored into the general-purpose register indicated by R. 
If CMP = 1, then (R) + (M) + CY 

The result of addition is not stored. Only the flag is changed. 



Use of this 'ADDC instruction permits addition to two words or more can be performed easily. 

If a carry occurs as a result of addition, the carry flag (CY) is set; if no carry occurs, the carry flag (CY) is reset. 

If the result of addition is other than zero, then zero flag (Z) is reset. 

If the compare flag is reset (CMP = 0) when the result of addition is zero, the zero flag (Z) is set. If the compare 
flag is set (CMP = 1 ), the zero flag (Z) will not change when the result of addition turns zero. 
There are two types of addition: binary operation and BCD operation. The addition type is specified by the 
BCD flag (BCD) of PSW. 

(3) Example 1 

When row address (0.00H to O.OFH) of bank is specified as a general-purpose register, the 12-bit content of 
address 0.2DH-0.2FH is added to the 12-bit content of address 0.0DH-0.0FH, and then the result is stored into 
the 12-bit area of address 0.0DH-0.0FH. 

O.OFH *- (O.OFH) + (0.2FH) 

O.OEH «- (O.OEH) + (0.2EH) + CY 

O.ODH «- (O.ODH) + (0.2DH) + CY 

MOV BANK, #00H ; Data memory bank 

MOV RPH, #00H ; General-purpose register bank 

MOV RPL, #00H ; General-purpose register row address 

ADD OFH, 2FH 

ADDC OEH, 2EH 

ADDC ODH, 2DH 
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Example 2 

When row address 2 (1 .20H to 1 .2FH) of bank 1 is specified as a general-purpose register, the 1 2-bit content of 
address 1 .2DH to 1 .2FH is shifted to the left including a carry flag by one. 



CY 

(Carry flag) 



□-[ 



Bank 2 
Address 2DH 



Bank 2 
Address 2EH 



Bank 2 
Address 2FH 



CY 

(Carry flag) 

-□ 



MOV RPH, #01 H 
MOV RPL, #04H 
MOV BANK, #01 H 
ADDC OFH, 2FH 
ADDC OEH, 2EH 
ADDC ODH, 2DH 



General-purpose register bank 1 
General-purpose register row address 2 
Data memory bank 1 



Example 3 

The content of address O.OFH and the contents of addresses 0.40H to 0.4FH are added, and then store the 
result into address O.OFH. 

O.OFH «- (O.OFH) + (0.40H) + (0.41 H) + ... + (0.4FH) 

MOV BANK, #00H ; Data memory bank 

MOV RPH, #00H ; Genera I -purpose register bank 

MOV RPL, #00H ; General-purpose register row address 

MOV IXH, #00H ; IX <- 00001 000000B (0.40H) 

MOV IXM, #04H 

MOV IX L, #00H 



LOOP1 : 



SET1 IXE 
ADD OFH, 00H 
CLR1 IXE 
INC IX 
SKE IXL, #0 
JMP LOOP1 



IXE flag «-1 

IXE flag ^0 
IX<-IX + 1 
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Example 4 

The 12-bit contents of addresses 1.40H to 1.42H are added to the 12-bit contents of 
then the result is stored to the 1 2-bit area of addresses O.ODH to O.OFH. 
O.ODH*- (O.ODH) + 0.40H) 
O.OEH <- (O.OEH) + (1 .41 H) + CY 
O.OFH *- (O.OFH) + (1.42H) + CY 
MOV BANK, #00H ; Data memory bank 

General-purpose register bank 
General-purpose register row address 
IX «- 0001 1000000 (1.40H) 



O.ODH to O.OFH, 



MOV RPH, #00H 
MOV RPL, #00H 
MOV IX H, #00H 
MOV IXM, #0CH 
MOV I XL, #00H 
SET1 IXE 
ADD ODH, 00H 
ADDC OEH, 01 H 
ADDC OFH, 02H 



IXE flag 1 

O.ODH «- (O.ODH) + (1.40H) 
O.OEH «- (O.OEH) + (1.41 H) 
O.OFH *~ (O.OFH) + (1.42H) 
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3.4 ADDC m, # i Add immediate data to data memory with carry flag 

(1) Instruction code 



10010 


m H 


m L 





(2) Function 

If CMP = 0: M<-(M) + i + CY 

The values of immediate data i and carry flag (CY) are added to the content of data memory addressed by M, 

and the result is stored to the data memory addressed by M. 

If CMP = 1: (M) + i + CY 

The result is not stored. Only the flag is changed. 

If a carry occurs as a result of addition, the carry flag (CY) is set; if no carry occurs, the carry flag (CY) is 
reset. 

If the result of addition is other than zero, then zero flag (Z) is reset. 

if the compare flag is reset (CMP = 0) when the result of addition is zero, the zero flag (Z) is set. If the compare 
flag is set (CMP = 1 ), the zero flag (Z) will not change when the result of addition turns zero. 
There are two types of addition: binary operation and BCD operation. The addition type is specified by the 
BCD flag (BCD) of PSW. 



(3) Example 1 

The value 5 is added to the 12-bit contents of addresses O.ODH to O.OFH, and then the result is stored to the 
addresses O.ODH to O.OFH. 

O.OFH <- (O.OFH) +05H 

O.OEH <- (O.OEH) + CY 

O.ODH <- (O.ODH) + CY 

MOV BANK, #00H; Data memory bank 

ADD OFH, #05H 

ADDC OEH, #00H 

ADDC ODH, #00H 
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Example 2 

The value 5 is added to the 12-bit contents of addresses 0.4DH to 0.4FH, and the result is stored to the ad- 
dresses 0.4DH to 0.4 FH. 

0.4FH <- (0.4FH) + 05H 

0.4EH <- (0.4EH) + CY 

0.4DH «- (0.4DH) + CY 

MOV BANK, #00H ; Data memory bank 

MOV IXH, #00H ; IX «- 00001 000000B (0.40H) 



MOV IXM, #04H 
MOV IX L, #00H 

SET1 IXE ; IXE flag <- 1 

ADD OFH, #5 0.4FH*-(0.4FH) + 05H 

ADDC OEH, #0 0.4EH <- (0.4EH) + CY 

ADDC ODH, #0 0.4DH <- (0.4DH) + CY 
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3.5 SUB r, m Subtract data memory from general register 

(1) Instruction code 



00001 


m H 


m L 


r 



(2) Function 

If CMP = 0: R«-(R)-(M) 

The content of data memory addressed by M is subtracted from the content of general-purpose register indi- 
cated by R, and the result is stored into the general-purpose register indicated by R. 
If CMP= 1: (R) - (M) 

The result is not stored. Only the flag is changed. 

If a borrow occurs as a result of subtraction, the carry flag (CY) is set; if no borrow occurs, the carry flag (CY) 
is reset. 

If the result of subtraction is other than zero, then zero flag (Z) is reset. 

If the compare flag is reset (CMP = 0) when the result of subtraction is zero, the zero flag (Z) is set. If the 
compare flag is set (CMP = 1 ), the zero flag (Z) will not change when the result of subtraction turns zero. 
There are two types of subtraction: binary operation and BCD operation. The subtraction type is specified by 
the BCD flag (BCD) of PSW. 

(3) Example 1 

When row address (0.00H to O.OFH) of bank is specified as general-purpose register (RPH = 0, RPL = 0), the 
content of address 0.2FH is subtracted from the content of address 0.03H, then the result is stored to the 
address 0.03H. 

0.03H «- (0.03H) - (0.2FH) 

SUB 03H, 2FH 

Example 2 

When bank 1 row address 2 (1.20H to 1.2FH) is specified as general -purpose register (RPH = 1, RPL = 4), the 
content of address 0.2FH is subtracted from the content of address 1.23H, and the result is stored to the 
address 1.23H. 

1.23H«-(1.23H) - (0.2FH) 

MOV BANK, #00H ; Data memory bank 

MOV RPH, #01 H ; General-purpose register bank 1 

MOV RPL, #04H ; General-purpose register row address 2 

SUB 03H, 2FH 
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Example 3 

The content of address 0.6FH is subtracted from the content of address 0.03H, and the resuit is stored to the 
address 0.03K If IXE = 1 , IXH = 0, IXM = 4, and IXL = 0, that is, if IX = 0.40H, then the data memory 0.6FH 
can be specified by setting the data memory address at 2FH. 
0.03H«-(0.03H)-(0.6FH) 



MOV BANK, #00H 
MOV RPH, #00H 
MOV RPL, #00H 
MOV IXH, #00H 
MOV IXM, #04H 
MOV IXL, #00H 
SET1 IXE 
SUB 03H, 2FH 



Data memory bank 
General-purpose register bank 
General-purpose register row address 
IX <- 00001 000000B (0.40H) 



IXE flag ^~ 

IX 00001 000000B (0.40H) 

Bank operand OR ~) 000001 01111B (0.2FH) 

Specified address 00001 101 1 1 1 B (0.6FH) 



Example 4 

The content of address 2.3FH is subtracted from the content of address 0.03H, and the result is stored to the 
address 0.03H. If IXE = 1 , IXH = 1 , IXM = 1 and IXL = 0, that is, if IX = 2.1 OH, then the data memory 2.3FH 
can be specified by setting the data memory address at 2FH. 
0.03H*-{0.03H)-(2.3FH) 



MOV BANK, #00H 
MOV RPH, #00H 
MOV RPL, #00H 
MOV IXH, #01 H 
MOV IXM, #p1H 
MOV IXL, #00H 
SET1 IXE 
SUB 03H, 2FH 



Data memory bank 
General-purpose register bank 
General-purpose register row address 
IX «- 001 0001 0000.B (2.1 OH) 



IXE flag ^-1 
IX 

Bank operand OR 
Specified address 



001 0001 0000B (2.1 OH) 
00000101 11 1 B (0.2FH) 
001001 1 1 1 1 1 B (2.3FH) 



(4) Note 



The 1st operand of the 'SUB r, m' instruction must be a genera I -purpose register address. The address 03H is 
specified as a register if described as follows. This will not cause an error in assembling. 
SUB 13H, 2FH 

~~ L — — The genera I -purpose register address must fall within the range from 00H to OFH 
(with register pointer set at other than row address 1 ). 
If CMP flag = 1 , the subtracted result is not stored. 
If BCD flag = 1 , the result of decimal operation is stored. 
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3.6 SUB m, # i Subtract immediate data from data memory 

(1) Instrctuion code 



10001 


m H 


m L 


i 



(2) Function 

If CMP = 0: M«-(M) -i 

The immediate data i is subtracted from the content of data memory addressed by M, and the result is stored 
into the data memory addressed by M. 
If CMP = 1: (M) -i 

The result is not stored. Only the flag is changed. 



If a borrow occurs as a result of subtraction, the carry flag (CY) is set; if no borrow occurs, the carry flag (CY) 
is reset. 

If the result of subtraction is other than zero, then zero flag (Z) is reset. 

If the compare flag is reset (CMP = 0) when the result of subtraction is zero, the zero flag (Z) is set. If the 
compare flag is set (CMP = 1 ), the zero flag (Z) will not change when the result of subtraction turns zero. 
There are two types of subtraction: binary operation and BCD operation. The subtraction type is specified by 
the BCD flag (BCD) of PSW. 



(3) Example 1 

Value 5 is subtracted from the contents of address 0.2FH, and the result is stored to the address 0.2FH. 
0.2FH<-(0.2FH) -5 
SUB 2FH, #05H 



Example 2 

The value 5 is subtracted from the content of address 0.6FH, and the result is stored to the address 0.6FH. If 
IXE = 1 , IXH = 0, IXM = 4, and IXL = 0, that is, if IX = 0.40H, then the data memory 0.6FH can be specified 
by setting the data memory address at 2FH. 
0.6FH «- ( 0.6FH ) - 5 

ORed result of the content 0.40H of index register and the data 

memory address 0.2 FH 



MOV BANK, #00H 
MOV IXH, #00H 
MOV IXM, #04H 
MOV IXL, #00H 
SET1 IXE 
SUB 2FH, #05H 



Data memory bank 

IX 00001 000000B (0.40H) 



IXE flag «-1 
IX 

Bank operand OR 
Specified address 



00001 000000B (0.40H) 
00000101 111B (0.2FH) 
00001 1011 1 1B (0.6FH) 
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Example 3 

The value 5 is subtracted from the content of address 2.2FH, and the result is stored to the address 2.2FH. If 
IXE = 1, IXH = 1, IXM = 0, and IXL = O.that is, if IX = 2.00H, then the data memory 2.2FH can be specif ied 
by setting the data memory address at 2FH. 
2.2FH<-( 2.2FH ) -5 

^ ORed result of the content 2.00H of index register and the data 
memory address 0.2 FH 



MOV BANKO, #00H 
MOV IXH, #01 H 
MOV IXM, #00H 
MOV IXL, #00 H 
SET1 IXE 
SUB 2FH, #05H 



Data memory bank 

IX +-00100000000B (2.00H) 



IXE flag <- 1 

IX 00100000000B (2.00H) 

Bank operand OR 000001011 1 1 B (0.2FH) 

Specified address 00100101 1 1 1 B (2.2FH) 



(4) Note 

If CMP flag = 1 , no subtract result is stored. 

If BCD flag = 1., the result of decimal operation is stored. 
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3.7 SUBC r, m Subtract data memory from general register with carry flag 

(1) Instruction code 



00011 


m H 


m L 


r 



(2) Function 

If CMP = 0: R «- (R) — (M) — CY 

The content of data memory indicated by address M and the value of carry flag (CY) are subtracted from the 
content of general-purpose register indicated by R, and the result is stored into the general-purpose register 
indicated by R. Use of this SUBC instruction permits subtraction of more than two words to be performed 
easily. 

If CMP= 1: (R) - (M) -CY 

The result is not stored. Only the flag is changed. 

If a borrow occurs as a result of subtraction, the carry flag (CY) is set; if no borrow occurs, the carry flag (CY) 
is reset. 

If the result of subtraction is other than zero, then zero flag-(Z) is reset. 

If the compare flag is reset (CMP = 0) when the result of subtraction is zero, the zero flag (Z) is set. If the 
compare flag is set (CMP = 1 ), the zero flag (Z) will not change when the result of subtraction turns zero. 
There are two types of subtraction: binary operation and BCD operation. The subtraction type is specified 
by the BCD flag (BCD) of PSW. 

(3) Example 1 

When bank row address (0.00H to O.OFH) is specified as general-purpose register, the 12-bit contents of 
addresses 0.2DH to 0.2FH are subtracted from the 12-bit content of addresses O.ODH to O.OFH, and then the 
result is stored into the 12-bit area of addresses O.ODH to O.OFH. 

O.OFH <- (O.OFH) - (0.2FH) 

O.OEH <~ (O.OEH) - (0.2EH) - CY 

O.ODH «- (O.ODH) - (0.2DH) - CY 

SUB OFH, 2FH 

SUBC OEH, 2EH 

SUBC ODH, 2DH 
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Example 2 

The contents of 12 bits from addresses 1.40H to 1.42H are subtracted from the contents of 12 bits from ad- 
dresses O.ODH to O.OFH, and then the result is stored to the 1 2 bits from O.ODH to O.OFH. 

0.0DH«-(0.0DH)-(1.40H) 

O.OEH «- (O.OEH) - (1 .41 H) - CY 

O.OFH <- (O.OFH) - (1 .42H) - CY 



MOV BANK, #00H 
MOV RPH, #OOH 
MOV RPL,#00H 
MOV IXH, #00H 
MOV IXM, #0CH 
MOV I XL, #00H 
SET1 IXE 
SUB ODH, 00H 
SUBC OEH, 01 H 
SUBC OFH, 02H 



Data memory bank 
General-purpose register bank 
General-purpose register row address 
IX<-00011000000B (1.40H) 



IXE flag «-1 

O.ODH <- (O.ODH) - (1.40H) 
O.OEH «- (O.OEH) - (1.41 H) 
O.OFH •*- (O.OFH) - (1.42H) 



Example 3 

The contents of 12 bits from addresses O.OOH to 0.03H and the contents of 12 bits from addresses O.OCH to 
O.OFH are compared. If identical, jump is made to LAB1; if different, jump is made to LAB2. 



SET2 CMP, Z 
SUB OOH, OCH 
SUBC 01 H, ODH 
SUBC 02H, OEH 
SUBC 03H, OFH 
SKF1 Z 
BR LAB1 
BR LAB2 



LAB1: 
LAB2: 



CMP flag «- 1, Z flag*- 1 

The contents of addresses 0.00H-0.03H 

are not changed because the CMP flag is 

set. 

If proven as identical by comparison, Z 
flag = 1; if proven as different, Z 
flag = 0. 
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3.8 SUBC m, #i Subtract immediate data from data memory with carry flag 

(1) Instruction code 



10011 


m H 


m L 





(2) Function 

If CMP = 0: M«-(M)-i-CY 

The immediate data i and the value of carry flag (CY) are subtracted from the content of data memory ad- 
dressed by M, and the result is stored into the data memory addressed by M. 
If CMP = 1: (M) - i-CY 
The result is not stored. Only the flag is changed. 



If a borrow occurs as a result of subtraction, the carry flag (CY) is set; if no borrow occurs, the carry flag (CY) 
is reset. 

If the result of subtraction is other than zero, then zero flag (Z) is reset. 

If the compare flag is reset (CMP = 0) when the result of subtraction is zero, the zero flag (Z) is set. If the 
compare flag is set (CMP = 1 ), the zero flag (Z) will not change when the result of subtraction turns zero. 
There are two types of subtraction: binary operation and BCD operation. The subtraction type is specified by 
the BCD flag (BCD) of PSW. 



(3) Example 1 

Value 5 is subtracted from the contents of 12 bits of addresses 0.0DH to O.OFH, and the result is stored to 
addresses O.ODH to O.OFH. 

O.OFH «- (O.OFH) -05H 

O.OEH <~ (O.OEH) — CY 

O.ODH <- (O.ODH) - CY 

SUB OFH, #05H 

SUBC OEH, #00H 

SUBC ODH, 00H 



Example 2 

Value 5 is subtracted from the contents of 12 bits of addresses 0.4DH to 0.4FH, and the result is stored into 
addresses 0.4DH to 0.4FH. 

0.4FH«-(0.4FH) - 05H 

0.4EH«-(0.4EH) - CY 



0.4DH «- (0.4DH) — CY 
MOV BANK, #00H 
MOV IXH, #00H 
MOV IXM, #04H 
MOV I XL, #00H 
SET1 IXE 
SUB OFH, #5 
SUBC OEH, #0 
SUBC ODH, #0 



Data memory bank 

IX +- 00001 000000B (0.40H) 



IXE flag <- 1 
(0.4FH) (0.4FH) - 
(0.4EH) (0.4EH) - 
(0.4DH) (0.4DH) - 



05H 
CY 
■CY 
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Example 3 

The contents of 12 bits of addresses 0.00H to 0.03H and 0A3FH of the immediate data are compared. If.' 
identical, jump is made to LAB1; if different, jump is made to LAB2. 

SET2 CMP, Z ; CMP flag «- 1 , Z flag <- 1 

SUB 00H, #0H ; The contents of addresses 0.00H to 0.03H 

SUBC 01 H, #AH ; remain unchanged because the CMP flag is 

SUBC 02H, #3H ; set. 

SUBC 03H, #FH 

SKF1 Z ; If identical in comparison, Z flag = 1; 

BR LAB1 ; if different, Z flag = 
BR LAB2 



LAB1: 



LAB2: 
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3.9 INC AR Increment address register 

(1) Instruction code 



00111 


000 


1001 


0000 



(2) Function 

AR<-(AR) + 1 

Address register (AR) is incremented. 



(3) Example 1 

Value 1 is added to the contents of 16 bits of AR3 to AR0 (address register) in the system register, and the 
result is stored from AR3 to ARO. 

AR0«-AR0 + 1 

AR1 «-AR1 +CY 

AR2<-AR2 + CY 

AR3+-AR3 + CY 
INC AR 

This instruction can be performed by using addition instruction as follows: 
ADD ARO, #01 H 
ADDC AR1, #00H 
ADDC AR2, #00H 
ADDC AR3, #00H 



Example 2 

The table data is transferred to DBF (data buffer) in units of 16 bits (one address). (For details, refer to 3.26 
"MOVT Instruction".) 



; Address 


Table data 


010H 


DW 


0F3FFH 


011H 


DW 


0A123H 


01 2H 


DW 


0FFF1H 


01 3H 


DW 


0FFF5H 


01 4H 


DW 


0FF11H 



LOOP: 



MOV 
MOV 
MOV 
MOV 

MOVT 



INC 
BR 



AR3, #0H 
AR2, #0H 
AR1, #1H 
ARO, #0H 

@AR 



AR 
LOOP 



Table data address 

001 OH is set into address 

register. 



Table data is read into DBF. 

Table data referencing 

Address register is incremented 
by 1. 
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(4) Note 

The number of bits allowed for use with address registers (AR3, AR2, AR1 , ARO) vary with the device types. 
When using, reference should be made to the appropriate manual of the device to be used. 
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3.10 INC IX Increment index register 

(1) Instruction code 



00111 


000 


1000 


0000 



(2) Function 
IX«-(IX) + 1 

The index register (IX) is incremented. 



(3) Example 1 

Value 1 is added to the content of 12 bits of IXH to IXL (index register) in the system register, and the result is 
stored into the I XH to IX L 

IXL<-IXL+1 

IXM-HXM + CY 

IXH«-IXH + CY 
INC IX 

This operation can be performed by using the addition instruction as follows: 
ADD IXL, #01 H 
ADDC IXM, #00H 
ADDC IXH, ffiOH 



Example 2 

The contents of data memory 0.00H to 0.73H are all turned '0' using the index register. 



MOV IXH, #00H 
MOV IXM, #00H 
MOV IXL, #00H 
RAM clear: 
SET1 IXE 
MOV 00H, #00H 
CLR1 IXE 
INC IX 
SET2 CMP, Z 
SUB IXL, #03H 
SUBC IXM, #07H 
SUBC IXH, #00H 
SKT1 Z 
BR RAM clear 



The contents of index register 
are all set at 00H of bank 0. 



IXE flag <- 1 

is written into the data memory indicated by the index register. 
IXE flag ^0 

CMP flag <- 1 , Z flag «- 1 
Whether the content of index 
register turned to 73H of bank 
is checked. 

Loop is repeated until the contents 
of index register turns to 73H of 
bank 0. 
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3.1 1 SKE m, #i Skip if data memory equal to immediate data 

(1) Instruction code 



01001 




m L 


i 



(2) Function 

If the content of the data memory addressed by M is equal to the value of immediate data i, then the instruction 
that follows is skipped. 

(3) Example 

QFH is transferred to address 24H if the content of address 24H is 0. If not 0, control jumps to OPEL 

SKE 24H, #00H 

BR OPE1 

MOV 24H, #0FH 
OPE1 : 
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3.12 SKGE m, #i Skip if data memory greater than or equal to immediate data 

(1) Instruction code 



11001 


m H 


m L 


i 



(2) Function 

If the content of the data memory addressed by M is greater than the value of immediate data i, then the 
instruction that follows is skipped. 

(3) Example 

If the 8-bit data stored in address 1FH (upper) and address 2FH (lower) is greater than the immediate data 
'17H', then RET occurs; otherwise, RETSK occurs. 

SKGE 1 FH, #1 

RETSK 

SKNE 1 FH, #1 

SKLT 2FH, #8 ; 7 + 1 

RET 

RETSK 
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3.13 SKLTm, #i Skip if data memory less than immediate data 

(1) Instruction code 



11011 


m H 


m L 


i 



(2) Function 

If the content of data memory addressed by M is less than the value of immediate data i,then the instruction 
that follows is skipped. 

(3) Example 

If the content of address 10H is greater than the immediate data '6', then 01 H is stored into address OFH; if 
less than the immediate data '6', 02H is stored into address OFH. 

MOV OFH, #02H 

SKLT 10H, #06H 

MOV OFH, #01 H 
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3.14 SKNE m, # i Skip if data memory not equal to immediate data 

(1) Instruction code 



01011 


m H 


m L 





(2) Function 

If the content of data memory addressed by M is different from the value of immediate data i, then the instruc- 
tion that follows is skipped. 



(3) Example 

If the content of address 1FH is 1 and the content of 1EH is 3, then control jumps to XYZ; if -not, control 
jumps to ABC. Comparison of 8 bits can be performed by combining the instructions as shown below: 



SKNE 1FH, #1 
SKE 1 EH, #3 
BR ABC 
BR XYZ 

The same operation can be performed by using the compare flag and zero flag, as shown below. 
SET2 CMP, Z ; CMP flag <- 1 , Z flag «- 1 
SUB 1FH, #1 
SUBC 1 EH, #3 
SKT1 Z 
BR ABC 
BR XYZ 
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3.15 AND m, #i AND between data memory and immediate data 

(1) Instruction code 



10100 


m H 


m L 


i 



(2) Function 
M«-(M) ANDi 

The content of data memory addressed by M and the immediate data are ANDed, and the result is stored into 
the data memory addressed by M. 

(3) Example 1 

Bit 3 (MSB) of address 0.03H is reset. 
0.03H +- (0.03H) and 0111B 

Address 0.03H 



x x x x: Don't care 



AND 03H, #01 1 1 B 

Example 2 

All the bits of address 0.G3H are reset. 
AND 03H, #0000B 

or 

MOV 03H, #00H 
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3.16 AND r, m AND between general register and data memory 

(1) Instruction code 



00100 


m H 


m L 


r 


Function 








R «-(R) AND (M) 







The content of genera I -purpose register indicated by R and the content of data memory addressed by M are 
ANDed, and the result is stored into the general-purpose register indicated by R. 



(3) Example 1 

The content (1010B) of address 0.03H and the content (0110B) of address 0.2FH are ANDed, and the result 
(001 OB) is stored into address 0.03H. 
0.03H «- (0.03H) and (0.2FH) 



10 10 Address 03H 



and 



110 Address 2FH 

10 Address 03H 



MOV 03H, #1010B 
MOV 2FH, #0110B 
AND 03H, 2FH 
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3.17 OR m, #i OR between data memory and immediate data 

(1) Instruction code 



10110 


m H 




i 



(2) Function 
M«-(M) OR i 

The content of data memory addressed by M and the immediate data i are ORed, and the result is stored into 
the data memory addressed by M. 

(3) Example 1 

Bit 3 (MSB) of address 0.03H is set. 
0.03H +- (0.03H) or 1000B 

Address 0.03H 



1 xxx x: Don't care 



OR 03H, #1000B 
Example 2 

All the bits of address 0.03H are set. 
OR 03H, #1111B 
or 

MOV 03H, #0FH 
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3.18 OR r,m 

(1) Instruction code 



OR between general register and data memory 



00110 



(2) Function 

R «-(R) OR (M) 

The content of general-purpose register indicated by R and the content of data memory addressed by M are 
ORed, and the result is stored into the general -purpose register indicated by R. 



(3) Example 1 

The content (1010B) of address 0.03H and the content (01 1 1 B) of address 0.2FH are ORed, and the result 
(1 1 1 1 B) is stored into address 0.03H. 
0.03H «- (0.03H) or (0.2FH) 



10 10 Address 03H 



or 



111 Address 2FH 



1111 Address 03H 



MOV 03H, #1010B 
MOV 2FH, #01 1 1 B 
OR 03H, 2FH 
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3.19 XOR m, #i Exclusive OR between data memory and immediate data 

(1) Instruction code 



10101 


mH 


m L 





(2) Function 
M«-(M) XOR i 

The content of data memory addressed by M and the immediate data i are XORed, and the result is stored into 
the data memory addressed by M. 

(3) Example 

The bit 1 and bit 3 of address 0.03H are inverted, and the result is stored into address 03H. 



110 Address 03H 



x or 



10 10 



110 Address 03H 



' ' 5 Inverted bits 

XOR 03H, #1010B 
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3.20 XORr,m 

(1) Instruction code 



Exclusive OR between general register and data memory 



00101 


m H 


m L 


r 



(2) Function 

R «-(R) XOR (M) 

The content of general-purpose register indicated by R and the content of data memory addressed by M are 
XORed, and the result is stored into the general-purpose register indicated by R. 

(3) Example 1 

The content of address 0.03H and the content of address O.OFH are compared, and the different bits are set and 
stored into address 0.03H. If all bits of 0.03H are reset (that is, the address 0.03H and address O.OFH have the 
same content), then control jumps to LBL1; otherwise, jumps to LBL2. 

This operation occurs when the status of an alternate switch (content of address 0.03H) and internal status 
(content of address O.OFH) are compared and branch is made to the processing of changed switch. 



10 10 



- Changed bits 



XOR 03H, OFH 

SKNE 03H, #00H 

BR LBL1 

BR LBL2 



Example 2 

The content of address 0.03H is cleared. 



10 1 Address 03H 



x or 



10 1 Address 03H 



Address 03H 



XOR 03H, 03H 
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3.21 LD r, m Load data memory to general register 

(1) Instruction code 



01000 


m H 


m L 


r 



(2) Function 
R<-(M) 

The content of data memory addressed by M is stored into the genera I -purpose register indicated by R 



(3) Example 1 

The content of address 0.2FH is stored into address 0.03H. 
0.03H<-(0.2FH) 
LD 03H, 2FH 



BANKO 

01 23456789ABCDEF 
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-General-purpose 
register 



Example 2 

When row address 2 of bank 1 (1 .20H to 1 .2FH) is specified as general-purpose register (RPH = 1 , RPL = 4), the 
content of address 0.2FH is stored into address 1 .23H. 
1.23H-H0.2FH) 

MOV RPH, #01 H ; Bank 1 is selected for general-purpose register. 
MOV RPL, #04H ; Row address 2 is selected for genera I -purpose register 
LD 03H, 2FH 
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BANK 

01 23456789ABCDEF 
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System register 



-General-purpose 
register 



Example 3 

The content of address 0.6FH is stored into address 0.03 H. If IXE= 1, IXH = 0, IXM = 4,and IXL = 0,that is, 
if IX = 0.40H, then the data memory 0.6FH can be specified by setting the data memory address at 2FH. 

IXH«-00H 

IXM<-04H 

iXL<-00H 

IXEflag<-1 

0.03H^ (0.6FH) 

^ Address obtained by computing OR of the content (0.40H) of 
index register and the content (0.2FH) of data memory. 

MOV IXH, #00H ; IX «- 00001 000000B (0.40H) 

MOV IXM, #04H 

MOV I XL, #00H 

SET1 IXE ; IXE flag <- 1 

LD 03H, 2FH 
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Example 4 

The content of address 2.3FH is stored into address 0.03H. If IXE = 1 , IXH = 1 , IXM = 1 , and IX L = 0, that is, 
if IX = 2.1 OH, then the data memory 2.3FH can be specified by setting the data memory address at 2FH. 
0.03H *- (2.3FH) 

^——Address obtained by computing OR of the content (2.1 OH) of 
index register and the content (0.2FH) of data memory 
MOV IXH, #01 H ; IX <- 001 0001 0000 B (2.10H) 
MOV IXM, #01 H 
MOV IX L, #00H 

SET1 IXE ; IXE flag ^-1 

LD 03H, 2FH 
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(4) Note 

The 1st operand of the 'LD r, m' instruction is the column address of the general-purpose register. If described 
as shown below, the column address of the general -purpose register is set at 03H. This will cause no error in 
assembling. 

LD 13H, 2FH 

— Column address of general-purpose register is meant, and the lower four bits 
are significant. If row address of bank is specified as general -purpose 
register, the address 03H is specified. 



3 
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3.22 ST m, r Store general register to data memory 

(1) Instruction code 



11000 






r 



(2) Function 
M<-(R) 

The content of genera I -purpose register indicated by R is stored into the data memory addressed by M. 



(3) Example 1 

The content of address 0.03H is stored into address 0.2FH. 
(0.2FH)<-(0.03H) 

ST 2FH, 03H ; The content of genera I -purpose register is transferred to data memory. 



BANKO 

1 2 3 4 5 6 7 



A B C D E F 



































































































































































































































































System register 



-General-purpose 
register 



Example. 2 

The content of address 1.1 3H is stored into address 0.2FH. The genera I -purpose register is specified at row 
address 1 of bank 1 (1 .10H to 1 .1 FH) by using register pointer. 
(0.2FH)<-(1.13H) 

MOV RPH, #01 H ; General-purpose register is set in bank 1 

MOV RPL, #02H ; Genera I -purpose register is set at row address 1 . 

ST 2FH, 13H ; The content of genera I -purpose register is transferred to data memory. 
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Example 3 

The content of address 0.00H is stored into the addresses 0.1 8H to 0.1 FH. The data memory (18H to 1 FH) is 
specified by index register. 

(0.18H) <-(0.00H) 

(0.19H)<-(0.00H) 



(0.1FH)<-(0.00H) 

MOV IXH, #00H 
MOV IXM, #00H 
MOV I XL, #00H 



IX <-00000000000B (0.00H) 

Address 6.00H is specified for data memory. 
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L00P1: 

SET1 IXE ; 
ST 18H, OOH ; 
CLR1 IXE ; 
INC IX ; 
SKGE IXL, #08H 
BR LOOP1 



IXE flag «- 1 
(0.1 XH) «- (0.00H) 
IXE flag ^0 
index register + 1 



BANK 

1 2 3 4 5 6 7 8 9 A B C D E F 
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3.23 MOV @r, m Move data memory to destination indirect 

(1) Instruction code 



01010 


m H 


m L 


r 



(2) Function 
If MPE = 1: 
[(MP).(R)] «-(M) 
lfMPE = 0: 
[m H ,(R)J <-(M) 

The content of data memory addressed by M is stored into the data memory indicated by general-purpose 
register R. If MPE = 0, transfer occurs within the same row address of the same bank. 



(3) Example 1 

The content of address 0.20H is stored into address 0.2FH. The destination data memory is specified by the 
column address indicated by the general-purpose register (00H) and the row address of data memory (20H). 
(0.2FH)«-(0.20H) 

CLR1 MPE ; MPE flag <-0 

MOV 00H, #0FH ; Column address is set at general-purpose register 
MOV @00H, 20H ; Store. 



BANKO 

01 23456789ABCDEF 



If! 








































































































































































































































System register 



-General-purpose 
register 



3-49 



UPD1 7K-FAMILY 



NEC 



Example 2 

The content of address 0.20H is stored into address 0.3FH. The destination data memory is specified by the 
column address indicated by general-purpose register (00H) and the row address indicated by the memory 
pointer (MP). 



(0.3FH) <- (0.20H) 
MOV RPH, #00H 
MOV RPL, #00H 
MOV 00H, #0FH 
MOV MPH, #00H 
MOV MPL, #03H 
SET1 MPE 
MOV @00H, 20H 



General-purpose register is set on bank 
General-purpose register is set at row address 
Column address is set in general-purpose register 
Row address is set in memory pointer. 



MPE flag < 
Store. 



1 



BANK 

01 23 456 7 89ABCD E F 
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Example 3 

The content of address 0.1 OH is stored into addresses 1 .1 OH to 1 .1 FH. 
(1.10H)«-(0.10H) 
(1.11H)«-(0.10H) 



(1.1FH) -H0.10H) 
MOV RPH, #00H 
MOV RPL, #00H 
MOV 00H, #00H 
MOV MPH, #00H 
MOV MPL, #09 H 
SET1 MPE 
LOOP1: 

MOV @00H, 10H 
ADD 00H, #01 H 
SKT1 CY 
BR LOOP1 



General-purpose register is set on bank 0. 
General-purpose register is set at row address 0. 
Column address is set in general-purpose register. 
Bank 1 and row address 1 are set for memory pointer. 

MPE flag <- 1 

[(MP),(00H)] <-(10H) 
Column address + 1 

Operation completed for address 1 FH of bank 1? 
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3.24 MOV m, @r Move data memory to destination indirect 

(1) Instruction code 



11010 


m H 




r 



(2) Function 

If MPE = 1: (M) *- [(MP), (R)J 
If MPE = 0: (M) [m H ,(R)] 

The content of data memory indicated by the general-purpose register R is stored into the data memory ad- 
dressed by M. When MPE = 0, this movement occurs within the same row address on the same bank. 



(3) Example 1 

The content of address 0.2FH is stored into address 0.20 H. The destination data memory is specified by the 
column address indicated by the general-purpose register (GOH) and the row address of the data memory (20H). 
(0.20H)<-.(0.2FH) 

CLR1 MPE ; MPE flag +-0 

MOV 00H, #0FH ; Column address is set at general-purpose register 
MOV 20H, @00H ; Store 



BANK 

01 23456789ABCDEF 
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Example 2 

The content of address 0.3FH is stored into address 0.20H. The destination data memory is specified by the 
column address indicated by general-purpose register (00H) and the row address indicated by memory pointer 
(MP). 



(0.20H) «- (0.3FH) 
MOV 00H, #0FH 
MOV MPH, #00H 
MOV MPL, #03H 
SET1 MPE 
MOV 20H, @00H 



Column address is set at general-purpose register 
Row address is set at memory pointer. 

MPE flag «- 1 
Store 
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Example 3 

The contents of addresses 0.20H to 0.2FH are stored into addresses 1.1 OH to 1.1 FH. The storing data memory 
is specified by the column address indicated by the general-purpose register (00H) and memory pointer (MP) or 
row address of data memory (20H). 

(1.10H)«-(0.20H) 

(1.1 1H) <- (0.21 H) 

(1.12H) <-(0.22H) 



(1.1FH)*-(0.2FH) 

CLR1 MPE 

MOV 00H, #00H 

MOV MPH, #00H 

MOV MPL, #09H 
LOOP1: 

MOV 20H. @00H 

SET1 MPE 

MOV @00H,20H 

CLR1 MPE 

ADD 00H, #01 H 

SKT1 CY 

BR LOOP1 



MPE flag «-0 

Column address is set in the general-purpose register. 
Memory pointer is set. 
Bank 1 , row address 1 

(20H) <- [2, (00H)] 

MPE flag «- 1 

[(MP).(OOH)] *-(20H) 

MPE flag<-0 

Column address +1 

Up to 1 FH of bank 1 terminated 
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3.25 MOV m, #i Move immediate data to data memory 

(1) Instruction code 



11101 


m H 


m L 


i 



(2) Function 
(M)<-i 

The immediate data i is stored in the data memory addressed by M. 

(3) Example 1 

The immediate data OAH is stored to address 0.50H used as data memory. 
0.50H«-0AH 
MOV 50H, #0AH 

Example 2 

If IXH = 0, IXM = 3, IXL = 2 and IXE flag = 1 when address 0.00H is specified as data memory, then the 
immediate data 07H is stored into address 0.32H. 
0.32H <-07H 

MOV IXH, #00H ; IX <- 000001 1001 OB (0.32H) 
MOV IXM, #03H 
MOV IXL, #02H 

SET1 IXE ; IXE flag <- 1 

MOV 00H, #07 H 
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3.26 MOVT DBF, @AR Move program memory data specified by AR to DBF 

(1) Instruction code 



00111 


000 


0001 


0000 



(2) Function 
SP«-SP-1, 
STACK <- PC, 
DBF «- (AR) rom> 
PC*- STACK, 
SP «- SP + 1 

The content of program memory addressed by address register AR is stored into data buffer DBF. 
Attention should be paid to the nesting such as subroutine and interruption, because this instruction temporari- 
ly uses one level of stack. 

(3) Example 1 

The 16-bit table data is transferred to the data buffers (DBF3, DBF2, DBF1 , DBFO) according to the values of 
address registers (AR3, AR2, AR1 , ARO) in the system register. 
.* 

;** Table data 
. * 

Address ORG 001 OH 

001 OH DW 0000000000000000B ; (0000H) 
0011H DW 1010101 1 1 1001 101 B ; (OABCDH) 



;** Table reference program 

MOV AR3, #00H ; AR3 <- 00H 001 1 H is set in address register. 
MOV AR2, #00H ; AR'2<-00H 
MOV AR1, #01H ; AR1 <-01H 
MOV ARO, #01 H ; AR0<-01H 

MOVT DBF, @AR ; Data of address 001 1 H is transferred to DBF. 
In this case, the data stored in DBF is shown below. 
DBF3 = OAH 
DBF2 = OBH 
DBF1 =0CH 
DBFO = ODH 
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Example 2 

The channel number is set at addresses 0.10H and 0.1 1H as data memory, and the divided value (N value) of 
PLL is obtained according to the content of the memory. The N value is then transferred to the PLL register. 



** Table data for N value 



Address 


ORG 0010H 




001 OH 


DW 0F58H 


87.5 MHz (Lowest frequency 00 channel) 


001 1H 


DW 0F5CH 


87.6 MHz 


001 2H 


DW 0F60H 


87.7 MHz 


001 3H 


DW 0F64H 


87.8 MHz 


001 4H 


DW 0F68H 


87.9 MHz 


001 5H 


DW 0F6CH 


88.0 MHz 


001 6H 


DW 0F70H 


88.1 MHz 


001 7 H 


DW 0F74H 


88.2 MHz 



** N value setting program 



MOV RPH, #00H 
MOV RPL, #0EH 
MOV AR3, #00H 
MOV AR2, #00H 
LD AR1 , 10H 
LD AR0, 11H 
ADD AR1 , #01 H 
ADDC AR2, #00 H 
ADDC AR3, #00H 
MOVT DBF, @AR 
PUT PLLR, DBF 



RPH <-O0H Row address 7 (0.70H 

RPL «- OEH to 0.7FH) is set as 

AR3 «- general-purpose 

AR2«-0 register. 

AR1 «- 10H Channel data upper 

ARO «- 1 1 H Channel data lower 

001 OH is added to the address 

register since table data start 

address starts at address 001 OH. 

Table data is stpred to DBF. 

N value is transferred to PLL. register (PLLR). 
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; ** 


Table data 




001 OH 


DW 


0F58H 


; 87.5 MHz 


001 1H 


DW 


0F5CH 


; 87.6 MHz 


001 2H 


DW 


0F60H 


; 87.7 MHz 


001 3H 


DW 


0F64H 


; 87.8 MHz 


0014H 


DW 


0F68H 


; 87.9 MHz 



BANK \ t 

01 23456789ABCDEF 






























F 


|5j 


8 


::U : 
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System register 



(4) Notes 

1. The number of bits allowed for use with address registers (AR3, AR2, AR1, AR0) vary with the device 
types. When using, reference should be made to the appropriate manual of the device to be used. 

2. When executing 'MOVT' instruction, one level of stack is used. Accordingly, sufficient care should be 
exercised to the stack level when using this instruction within a subroutine or interrupt processing routine. 



3-58 



SEC 



(IPD17K-FAMILY 



3.27 PUSHAR Push address register 

(1) Instruction code 



00111 


000 


1101 


0000 



(2) Function 
SP«-SP- 1, 
STACK «-AR 

The value of address register AR is stored into STACK after decrement of the stack pointer SP. 

(3) Example 1 

The address register is set at 003FH and stored into the stack. 
MOV AR3, #00H 
MOV AR2, #00H 
MOV AR1 , #03H 
MOV ARO, #0FH 
PUSH AR 



BANKO 

01 23456789ABCDEF 
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STACK 



System register 



Example 2 

When the data table is placed behind a subroutine, the return address of the subroutine is set in the address 
register for returning. 
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NEC 



Address 

001 OH CALL SUB1 



DATA TABLE 



001 1H DW 
001 2H DW 
001 3H DW 
001 4H DW 



002FH DW 
0030H 



1A1FH 
002FH 
010AH 
0555H 



SUB1 : 




POP 


AR 


MOV 


AR3, #00H 


MOV 


AR2, #00H 


MOV 


AR1, #03H 


MOV 


ARO. #00H 


PUSH 


AR 


RET 





If a 'POP' instruction is executed at this point, 
the address register content is '001 1 H' (the 
address next to the CALL instruction). 
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3.28 POP AR Pop address register 

(1) Instruction code 



00111 


000 


1100 


0000 



(2) Function 

AR «- STACK, 
SP<-SP+1 

The content of STACK is taken out to the address register, then the stack pointer SP is incremented. 



(3) Example 

When performing an interrupt processing, PSW may be changed within the interrupt processing routine. In such 
a case, the content of PSW is transferred to the address register via WR at the beginning of the interrupt process- 
ing, and then it is saved into the STACK by a 'PUSH' instruction. Before returning of the routine, the saved 
content is put into the address register by a 'POP' instruction, and then it is transferred to PSW via WR. 
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3.29 PEEK WR, rf Peek register file to window register 

(1) Instruction code 



00111 


rfH 


0011 


rf|_ 



(2) Function 
WR«-(rf) 

The content of the register file addressed by rf is stored into the window register WR. 

(3) Example 1 

The content of the stack pointer SP of address 01 H in the register file is stored into the window register. 
PEEK WR, SP 



BANK 

01 23456789ABCDEF 



















































































































































































































































wr; 

















System register 



1 /2 3456789ABCDEF 



Register file 
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3.30 POKE rf, WR Poke window register to register file 

(1) Instruction code 



00111 


rfH 


0010 


rfL 



(2) Function 
(rf) *-WR 

The content of window register WR is stored into the register file addressed by rf. 



(3) Example 1 

The immediate data OFH is stored into the register file POABIO via the window register. 
MOV WR, #0FH 

POKE POABIO, WR ; Each of POA 0< POA-i . POA 2 and POA 3 is set in the output mode. 



BANK 

01 23456789ABCDEF 



















































































































































































































































WR 

















System register 



123456789ABCDEF 




Register file POABIO 
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(4) Note 

The 'PEEK, POKE' instruction permits accessing of addresses 40H to 7FH in each bank of the data memory in 
addition to the register file. For example, this instruction can be used in the following way. 

PEEK WR, PSW ; The content of PSW (7FH) in system register is stored into WR. 

POKE 5FH, WR ; The content of WR is stored into address 5FH of data memory. 



BANKO 

01 23456789ABCDEF 
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5FH 


, w 


=1 
































































































WR 

















V J 

PEEK WR, PSW 
System register 



Register file 



Data memory 
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3.31 G ET DBF, p Get peripheral data to data buffer 

(1) Instruction code 



00111 


ph 


1011 


pl 



(2) Function 
DBF«-(p) 

The content of peripheral circuit addressed by p is stored into the data buffer DBF. 



(3) Example 1 

The content (8 bits) of the peripheral shift register (SIO) is stored into data buffers DBFO and DBF1 . 
GET DBF, SIO 



BANKO 
1 2 



5 6 7 8 9 A B 
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System register 



Peripheral circuit 



(4) Notes 

1 . The data buffer is allocated to OCH, ODH, OEH, and OFH in bank of the data memory, irrespective of the 
value of the bank register. 



BANK 

01 23456789ABCDEF 



























DBF 










































































































































































































System register 
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2. The data buffer has a total of 16 bits. The number of bits to be used as the unit of input/output varies with 
the peripheral circuit accessed by 'GET instruction. For example, if a 'GET' instruction is executed for a 
peripheral circuit whose input/output is done in units of 8 bits, data is stored to the lower 8 bits (DBF1 , 
DBFO) of the data buffer DBF. Pay attention to the number of bits required as the unit of input/output 
because it varies with the peripheral circuits of each device. 



NEC 
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3.32 PUT p, DBF Put data buffer to peripheral 

(1) Instruction code 



00111 


PH 


1010 


PL 



(2) Function 
(p)^DBF 

The content of data buffer DBF is stored into the peripheral circuit addressed by p. 



(3) Example 1 

OAH and 05H are set into data buffers DBF1 and DBFO, respectively, and are then transferred to the shift 
register (SIO) of peripheral circuit. 

MOV BANK, #00H ; Data memory bank 

MOV DBFO, #05H 

MOV DBF1, #0AH 

PUT SIO 
DBF 



BANKO 
1 2 



89ABCDEF 
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System register 



DBF 



Peripheral circuit 



Example 2 

The data 0758H is set as PLL data in data buffers DBF0-DBF3, and then it is transferred to PLL register (PLL) 
of the peripheral circuit. 

MOV DBF3, #00H 

MOV DBF2, #07H 

MOV DBF1, #05H 

MOV DBFO, #08H 

PUT PLL, DBF 
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BANK 

123456789ABCDEF 
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System register 



Peripheral circuit 



(4) Note 

The data buffer size is 16 bits. The number of bits required as the unit of input/output varies with the periph- 
eral circuit accessed by 'PUT' instruction. For example, the shift register SIO requires 8-bit input/output. When 
a 'PUT instruction is executed, the contents of lower 8 bits (DBF1 , DBFO) of data buffer DBF are transferred 
to the peripheral circuit. (The contents of DBF3 and DBF2 are not transferred.) 



3-68 



NEC 



^iPD17K-FAMILY 



3.33 SKTm, #n 

(1) Instruction code 



Skip n«xt instruction if data mamory bits ara true 



11110 


mH 


m L 


n 



(2) Function 

If the ANDed result of the content of data memory addressed by M and immediate data n is not 0, then the 
next one instruction is skipped. 

(3) Example 1 

If bit of address 03H is '1 control jumps to AAA; if '0', it jumps to BBB. 
SKT 03H. #0001 B 
BR BBB 
BR AAA 

Example 2 

If bit and bit 1 of address 03H are both '1 ', the next instruction is skipped. 
SKT 03H, #001 1B 



B 3 B 2 Bt Bo 



Skip condition 03H 



x: don't care 



Example 3 

The following two instructions provide the same execution result. 

• SKT 13H, #1111B 

• SKE 13H, #0FH 
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3,34 SKF m, #n Skip next instruction if data memory bits are false 

(1) Instruction code 



11111 


mH 




n 



(2) Function 

When the result of AND of the content of data memory addressed by M and the immediate data n is 0, the next 
one instruction is skipped. 



(3) Example 1 

If bit 2 of address 13H is '0', 00H of the immediate data is stored into address OFH in the data memory; if '1 ', 
control jumps to ABC. 

SKF 13H, #0100B 

BR ABC 

MOV OFH, #00H 



Example 2 

If bit 3 and bit of address 29H are both '0', the next instruction is skipped. 
SKF 29H, #1001 B 



B 3 B 2 B-| B 



Skip condition 29H 



Example 3 

The following two instructions provide the same execution result. 

• SKF 34H, #1111B 

• SKE 34H, #00H 
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3.35 BR addr 

(1) Instruction code 



Branch to the address 



(2) Function 
PC <- addr 

Control branches to the address indicated by addr. 

The range of address to which direct branch by this instruction is allowed is 8K steps from address 0000H to 
address 1FFFH. When branching is required to address 2000H or after, use the following 'BR @AR' instruc- 
tion. 



(3) Example 

FLY LAB OFH ; FLY = OFH is defined. 



BR FLY ; Jumps to address OF. 



BR LOOP1; Jumps to LOOP1. 



BR $ + 2 ; Jumps to the address which is lower by 2 than the current address. 



BR $ - 3 ; Jumps to the address which is higher by 3 than the current address. 



LOOP1: 



(4) Note 

The BR instruction can be described in assembler without mentioning the page. The same description can be 
used between ROM addresses 0000H and 1FFFH. However, the BR instruction into page (addresses 0O00H 
to 07FFH), BR instruction into page 1 (addresses 07FFH to OFFFH), BR instruction into page 2 (addresses 
1000H to 17FFH), and BR instruction into page 3 (addresses 17FFH to 1FFFH) have respectively different 
operation codes. 

The operation code in pageO is '0C\ in page 1, 'OD', in page 2, '0E',and in page 3, 'OF'. If the ix?D 17000 series 
assembler is used, these operation codes are automatically converted by the assembler by referencing the respec- 
tive jump destinations. 
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When operation code is 'OC 
(The jumping destination 
address is in page 0) 



When operation code is '0D' 
(The jumping destination 
address is in page 1 ) 



0000H 


BR 


ADD1 


07FFH 
0800H 


ADD1: 




OFFFH 
1000H 


BR 


ADD1 




BR 


ADD1 


17FFH 
1800H 






1FFFH 


BR 


ADD1 



PageO 



Page 1 



Page 2 



Page 3 



07FFH 
0800H 



OFFFH 
1000H 



17FFH 
1800H 



BR 


ADD1 


ADD1 : 

BR 


ADD1 


BR 


ADD1 


BR 


ADD1 



Page 2 



Page 3 



When operation code is 'OE' 
(The jumping destination 
address is in page 2) 



07FFH 
0800H 



OFFFH 
1000H 



17FFH 
1800H 



BR ADD1 




BR ADD1 



BR ADD1 



BR ADD1 



PageO 



Page 2 



Page 3 



When operation code is 'OF' 
(The jumping destination 
address is in page 3) 



07FFH 
0800H 



OFFFH 
1000H 



17FFH 
1 800H 



BR ADD1 




BR ADD1 



BR ADD1 



BR ADD1 



Page 1 



Page 2 



Page 3 
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When batch correction is required in debugging, the programmer is required to convert each of the operation 
codes 'OC, '0D\ 'OE', and 'OF' by himself. 

Address must also be converted if the jump destination of BR instruction is in any of address 0000H to 07FFH, 
address 0800H to OFFFH, address 1000H to 17FFH, and address 1800H to 1FFFH. In other words, each of 
address 0000H, address 0800H, address 1000H and address 1800H can be assumed as address 000H, which is 
incremented by 1 , respectively. 



BR 
BR 



07FFH 
0800H 



OFFFH 
1000H 



17FFH 
1800H 



1EFFH 
1FFFH 



ADD1 
ADD2 



BR ADD3 ■ 



BR ADD4 



BR ADD1 



BR ADD3 



Machine code 
(1-4-3-4-4- format) 



• 0C500 
0D501 



Note: The number of pages varies from device to device of the i*PD'\ 7000 series. Please refer to the manual of the device 
to be used. 
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3.36 BR @AR Branch to the address specif ied by address register 

(1) Instruction code 



00111 


000 


0100 


0000 



(2) Function 
PC+-AR 

Control branches to the address indicated by the address register (AR). 

(3) Example 1 

003FH is set in the address register AR (AR0-AR3), and execution jumps to address 003 FH by the 'BR @AR' 
instruction. 



MOV AR3, #00H ; AR3+-00H 

MOV AR2, #00H ; AR2+-00H 

MOV AR1, #03H ; AR1 «-03H 

MOV ARO, #0FH ; ARO ^OFH 

BR @AR ; Jump to address 003FH 



Example 2 

The branching destination is changed as shown below depending on the content of address 0.1 OH of the data 
memory. 

Content of 0.1 OH Label of destination 





00 H 






01 H 






02H 






03H 






04H 






05H 


-> 




06 H 


-» 




07 H 






08H-0FH 






;** Jump table 


Address 


t* 




001 OH 


BR 


AAA 


001 1H 


BR 


BBB 


001 2H 


BR 


CCC 


001 3H 


BR 


DDD 


001 4H 


BR 


EEE 


001 5H 


BR 


FFF 


001 6H 


BR 


GGG 


001 7 H 


BR 


HHH 


001 8H 


BR 


ZZZ 
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MOV 


RPH, #OOH ; 


General-purpose register bank 


MOV 


RPL, #02H ; 


General-purpose register row address 1 


MOV 


AR3, #OOH ; 


AR3 <- OOH AR is set to 001 x H. 


MOV 


AR2, #00H ; 


AR2^00H 


MOV 


AR1 , #01 H ; 


AR1 <-01H 


ST 


ARO, 10H ; 


AR0«-0.10H 


SKF 


ARO, #1000B; 


If the content of ARO is greater than 


AND 


ARO, #1000B; 


08H, the content of ARO is changed to 


BR 


@AR 


08H. 



(4) Note 

The number of bits of address registers (AR3, AR2, AR1 , ARO) allowed for use varies with the device types. 
When using the address register, reference should be made to the manual of the appropriate device. 
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3.37 RORC r Rotate right general register with carry flag 

(1) Instruction code 



00111 


000 


0111 


r 



(2) Function 

I — CY « — — — -| 

I > r 3 — r 2 — n r — ' 

The content of the general-purpose register indicated by R is shifted to the right by one bit, with carry flag 
included. 

(3) Example 1 

When row address (0.00H to O.OFH) of bank is specified as general-purpose register (RPH = 0, RPL = 0), the 
value of address 0.00H (1000B) is shifted to the right by one bit, and the value becomes 0100B. 
0.00H«-(0.00HK2 

MOV RPH, #00H ; General-purpose register bank 
MOV RPL, #00H ; Genera I -purpose register row address 
CLR1 CY ; Carry flag «-0 

RORC 00H 

Example 2 

When row address (0.00H to O.OFH) of bank is specified as general-purpose register (RPH = 0, RPL = 0), the 
value 0FA52H of data buffer (DBF) is shifted to the right by one bit, and the content of DBF is changed to 
7D29H. 



CY OCH ODH OEH OFH CY 




MOV RPH, #00H ; General-purpose register bank 

MOV RPL, #00H ; General-purpose register row address 

CLR1 CY ; Carry flag <-0 

RORC OCH 

RORC ODH 

RORC OEH 

RORC OFH 
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3.38 CALL addr 

(1) Instruction code 



Call subroutine 



11100 



(2) Function 
SP<-SP- 1, 
STACK*- PC + 1, 
PCo-io ^addr, 

The value of the program counter (PC) is incremented, and then it is stored into the stack. After this, execution 
branches to the subroutine indicated by addr. 

This instruction can be used to call subroutines contained within 2K steps from address 0000H to address 
07FFH. It is therefore advisable to allocate frequently using subroutines in the range from address 0000H to 
07FFH. 

To call a subroutine allocated after address 0800H, use the 'CALL @AR' instruction to be mentioned in the 
next section. 

(3) Example 1 




Example 2 
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(4) Note 

When using a 'CALL' instruction, the calling address, or the initial address of the subroutine to be called must 
be placed within page (0000H to 07FFH). When calling a subroutine whose initial address is not positioned 
in page 0, use 'CALL @AR' instruction. 



When initial address of subroutine is put in page 



CALL SUB1 



CALL SUB1 



► PageO 



07FFH 
0800H 



> Page 1 




If the initial address of the subroutine is placed within page 0, the end address of the subroutine ('RET' or 
'RETSK' instruction) may be placed outside of page 0. 

The 'CALL' instruction can be used without considering page as far as the initial address of the subroutine to 
be called is placed within page 0. However, the following technique is useful when it is impracticable to place 
the initial address of a subroutine within page 0. 
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In this method, 'BR' instruction is set within page 0, and the actual subroutine is called by using this 'BR' 
instruction. 
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3.39 CALL @AR Call subroutine specified by address register 

(1) Instruction code 



00111 


000 


0101 


0000 



(2) Function 
SP <- SP - 1 , 
STACK <- PC + 1 , 
PC<-AR 

The value of program counter (PC) is incremented, and stored into the stack, then execution branches to the 
subroutine indicated by address register (AR). 



(3) Example 1 

Value 0020H is set in the address register AR (AR0-AR3), and the subroutine of address 0020H is calied by the 
'CALL @AR' instruction. 

MOV AR3, #00H ; AR3^00H 

MOV AR2, #00H ; AR2«-00H 

MOV AR1, #02H ; AR1 -*-02H 

MOV ARO, #00H ; AR0«-00H 

CALL @AR ; Subroutine at address 0020H is called. 



Example 2 

The following subroutines are called depending on the contents of address 0.1 OH of the data memory. 
Content of 0.1 OH Subroutine name 
00H SUB1 
01 H SUB2 
02H SUB3 

03H -+ SUB4 
04H SUB5 

05H -* SUB6 

06H -* SUB7 

07H -> SUB8 

08H-0FH -> SUB9 



3-80 



SEC 



|iPD1 7K-FAMILY 




MOV 


RPH, 


#OOH 


General-purpose register bank 


MOV 


RPH, 


#02H 


General-purpose register row address 1 


MOV 


AR3, 


#OOH 


AR3 <- 00H Address register to 


MOV 


AR2, 


#00H 


AR2*-00H 001 x H 


MOV 


AR1, 


#01 H ; 


AR1 -01H 


ST 


ARO, 


10H 


ARO <- 0.1 OH 


SKF 


ARO, 


#1000B , 


If the content of ARO is greater than 08H, the content 


AND 


ARO, 


#1000B , 


of ARO is changed to 08H. 


CALL @AR 




To jump table 



Execution of 'RET' instruction in each subroutine 
will cause the control to return to this position. 



(4) Note 

The number of bits of address registers (AR3, AR2, AR1 , ARO) allowed for use varies with the device types. 
When using the address register, reference should be made to the manual of the appropriate device. 
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3.40 RET Return to the main program from subroutine 

(1) Instruction code 



00111 


000 


1110 


0000 



(2) Function 

PC «- STACK, 
SP«-SP+ 1 

This instruction is used to return to the main program from a subroutine. 

The return address saved into the stack by CALL instruction is restored to the program counter. 

(3) Example 
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3.41 RETSK 



Return to the main program then skip next instruction 



(1) Instruction code 



00111 



001 



1110 



0000 



(2) Function 
PC «- STACK, 
SP<-SP+ 1, 
PC<-PC+1 

This instruction is used to return to the main program from a subroutine. The instruction following the 'CALL' 
instruction is skipped. That is, the return address saved to the stack by 'CALL' instruction is restored in the 
program counter (PC), then the program counter is incremented. 



If the content of LSB (least significant bit) of address 25H of the data memory (RAM) is '0', the 'RET' instruc- 
tion is executed, then control returns to the instruction next to the 'CALL' instruction. If the content is "T, 
'RETSK' instruction is executed, and control returns to the instruction (in this example, ADD 03H, 16H) that 
follows the 'CALL' instruction. 



(3) Example 




SUB1: 



CALL 



SUB1 



ADD 



BR 




25H, #0001 B 



LSB of 25H is '1 ' 



LSB of 25H is '0' 
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3.42 RETI Return to the main program from interrupt service routine 

(1) Instruction code 



00111 


100 


1110 


0000 



(2) Function 
PC*- STACK, 
SP«-SP+1 

This instruction is used to return to the main program from an interrupt processing program. The return address 
which was saved into the stack by vector interrupt is restored in the program counter. 

In some devices, a part of the system register is also returned to the status that existed before occurrence of 
vector interrupt. 



(3) Example 

A vector interrupt occurred when the data memory is placed in bank 1. Saving of data memory bank is needed 
since the data memory bank is required for interrupt processing. 



Cause of interrupt 
occurred 



Interrupt processing 
routine 




When return is made, 
the bank is set in the 
status that existed before 
the interrupt processing 
is made. 

In this example, bank -1 
is restored. 



Note that when the program 
execution is changed to the 
interrupt service routine, 
bank resetting may occur in 
some devices. 
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(4) Notes 

1. The content of system register saved automatically by interrupt (this content can be restored by 'RETI' 
instruction) varies from device to device. Reference should be made to the manual of the device to be used. 

2. If 'RETT instruction is used in place of the 'RET' instruction in an ordinary subroutine/the bank and 
other data (saved by the interrupt) are restored when program execution returns to the return address. This 
may result in undefined status after returning. To avoid this, be sure to use the 'RET' (or 'RETSK') instruc- 
tion when returning from a subroutine. 
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3.43 El Enable interrupt 

(1) Instruction code 



00111 


000 


1111 


oooo 



(2) Function 

This instruction enables vector interrupt. 

Vector interrupt is enabled after executing the instruction that follows the 'El' instruction. 

(3) Example 1 

As shown in the following example, the interrupt request is actually accepted and program execution changes 
to the vector address after completing execution of the instruction (except program counter operating instruc- 
tion) that follows this El instruction.* 




*: The vector address varies with the interrupt accepted. For details, refer to the manual of the device to be used. 

t# : Assume that the interrupt to be accepted here (Interrupt request is issued after execution of El instruction and the flow 
of program execution changes to the interrupt service routine) is provided with the interrupt permission flag (IP) for that 
interrupt. No change will occur in the flow of program execution (that is, interrupt will not be accepted) if an interrupt 
request is issued after execution of the El instruction, provided no interrupt permission flag is set for such interrupt. 
However, this causes the interrupt request flag (IREQ) to be set, hence the interrupt request will be accepted at the time 
when the interrupt permission flag is set. (For details, refer to the device manual.) 
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Example 2 

Shown below is an example of interrupt caused by the interrupt request which is accepted during execution of 
an instruction for operating program counter (PC). 



Interrupt request 
is issued. 



Interrupt service routine 
(vector address) 




MOV OAH, #00H 
ADD OBH, #01 H 
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3.44 Dl Disable interrupt 

(1) Instruction code 



00111 


001 


1111 


0000 



(2) Function 

This instruction is used to disable vector interrupt. 

(3) Example 

See Example 1 of Section 3.43. 
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3.45 STOPs stop CPU and release by condition s 

(1) Instruction code 



00111 


010 


1111 


s 



(2) Function 

This instruction stops main clock, and turns the device to STOP mode. 

The current consumption can be minimized by setting a device in the STOP mode. 

The operand (s) specifies the condition by which the STOP mode is released and main clock oscillation re- 
started. 
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3.46 HALT h Halt CPU and release by condition h 

(1) Instruction code 



00111 


011 


1111 


h 



(2) Function 

This instruction turns the device into HALT mode. 

The current consumption can be reduced by setting the device in HALT mode. 

The operand (h) specifies the condition by which the HALT mode is released and main clock oscillation started. 
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3.47 NOP No operation 

(1) Instruction code 



00111 


100 


1111 


0000 



(2) Function 

This instruction causes one machine cycle to be consumed by executing nothing. 
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1. Development tools for the n.PD17K-Family 

This section gives a brief explanation of the development environment of the nPD1 7K-Family. 

HardwareTools:-IE-17K 
-SE-17xxx 

- EP-17xxx 

- EV-9200G-XX 

Software Tools: 

-Absolute assembler (/L/S7B11AS17K) 

- Device files (/l/SB10AS170xx) 

OuSB10AS171xx) 
(/uSB10AS172xx) 

- Simplehost, source-level debugger (/JS7B10IE17K) 




Development Environment 
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HEC 



IE-17K 

The IE-1 7K is a software development support tool applicable to every model of the ^iPD1 7K-Family. It consists of two 
boards: 

a memory board and a supervisor board. 
Features: 

- Real-time emulation and one step emulation are available. 

- Programmable break/trace function by which various break/trace 

conditions can be set hierarchically. 

- Real-time trace function with a large-capacity trace memory 

(32K steps) 

- Data memory coverage function which displays the state of 

writing in the data memory. 

- Program memory coverage function which increments a counter 

every time an instruction which references to an address 
location is executed. The maximum count is 255. 

- Incorporated programmable pattern generator (PPG) with 

14 channels. 

SE-17xxx 

The 8E-17xxx is the device-specific emulator board which completes the in-circuit-emulator. To ensure that the system 
evaluation (SE) board exhibits the same electrical behaviour as the original IC, a method known as „MAM chip" (imple- 
mented as an ASIC) device is applied. Two U.PD17000 devices and a MAM chip are mounted on the SE board as shown in 
the diagram. Half the l/O-lines of each 1 7000 device are passed outside the board, so that they can be used to evaluate the 
l/O-lines of the real chip. Together with the MAM chip the other device form a bus system. All data sent out from the SE 
board or received by the SE board from outside are routed through the two nPD17000 devices. Therefore an observer 
outside the SE board gets the impression that a real chip is being used. The external memory which is connected to the 
MAM chip stores the developed software in the case the SE board is used as a stand alone system. 



<= 



PORT M A M "C" 

D.U.E (1) 
PORT-B" "D" 



• SE-BOARD - 



PORT "A" "C" 

D.U.E (2) 
PORT"B M "D" 



Mam* CHIP 



(EXTERNAL 
PROGRAM 
ROM or RAM) 



PORT "A" "C" 
TARGET 
CHIP 

PORT-B" "D" 



D.U.E is the TARGET CHIP itselfs. 



Emulation Chip Set Configuration 
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EP-17xxx 

To connect the SE board with the printed circuit board a special cable is required. This device-specific emulation probe is 
called EP-17xxx. 



EV-9200G-XX 

The EV-9200G-xx is a special adapter socket to connect the emulation probe EP-17xxx with the target hardware in the case 
that the target device is mounted in a QFP package. This conversion socket is soldered onto the PCB. 



A/S7B11AS17K, ^S7B10AS170xx 
A/S7B11AS17K, /iS7B10AS171xx 
A/S7B11AS17K, /iS7B.1QAS172xx 



These are absolute macro assembler packages used for all devices of the 170xx, 171xx and the 172xx device group. They 
all comprise two parts. One part is the main unit used for all devices of the corresponding device group, the other is a 
device file for the particular p.PD17000 device. The device file includes device-specific information, like ROM and RAM size, 
reserved words and addresses of the on-chip hardware functions. The assembler has a unique feature which supports 
software assembly of the code configured in modules. The assembler handles up to 99 modules. This feature, however, 
belongs to a relocatable assembler. The assembler is not able to assemble each module separately. Nevertheless, after the 
software is assembled for the first time, the assembler can be directed to assemble only those parts of the user program 
which were changed. Therefore the software development is speeded up. 

The assembler also performs linkage operations to produce an executable code. In addition, this assembler supports 
powerful macro functions to end up in a versatile development tool for execution in a MS-DOS environment. 



SIMPLEHOST OiS7B10IE17K) 

SIMPLEHOST is a full-screen debugger which improves the interface between the in-circuit-emulator and the operator. 
SIMPLEHOST runs under Microsoft Windows, which means that all emulator commands can be selected and activated with 
a mouse. The contents of the ROM and RAM size of the emulator are shown on the screen together with the source pro- 
gram. 
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Development Tools for 17K Family of Microcontrollers 
To Develop and Debug Code ^_ 





Full 


Mini 


Evaluation 




Device 


Debugger 


Device 


Emulator 


Emulator 


Board 


Assembler 


File 


(Simplehost) 


/iPD17001 


IE-17K 


IE-17K-ET 


SE-17001 


/iS7B11AS17K 


juS7B10AS17001 


//S7B10IE17K 


JL/PD17002 


IE-17K 


IE-17K-ET 


SE-17002 


/iS7B11AS17K 


J/S7B10AS17002 


/iS7B10IE17K 


JUPD17003A 


IE-17K 


IE-17K-ET 


SE-17003 


//S7B11AS17K 


/iS7B10AS17003 


/iS7B10IE17K 


/iPD17005 


IE-17K 


IE-17K-ET 


SE-17003 


/iS7B11AS17K 


/JS7B10AS17005 


/L/S7B10iE17K 


/iPD17006 


IE-17K 


IE-17K-ET 


SE-17001 


A/S7B11AS17K 


/iS7B10AS17006 


//S7B10IE17K 


//PD17008 


IE-17K 


IE-17K-ET 


SE-17008 


A/S7B11AS17K 


/YS7B10AS17008 


//S7B10IE17K 


/iPD17010 


IE-17K 


IE-17K-ET 


SE-17003 


/iS7B11AS17K 


j;S7B10AS17010 


/iS7B10IE17K 


/L/PD17051 


IE-17K 


IE-17K-ET 


SE-17051 


/7S7B11AS17K 


A/S7B10AS17051 


/iS7B10IE17K 


/iPD17052 


IE-17K 


IE-17K-ET 


SE-17052 


A/S7B11AS17K 


/iS7B10AS17052 


jiS7B10IE17K 


/iPD17053 


IE-17K 


IE-17K-ET 


SE-17053 


/iS7B11AS17K 


/iS7B10AS17053 


)LfS7B10IE17K 


//PD17102 


IE-17K 


IE-17K-ET 


SE-17102 


A/S7B11AS17K 


/iS7B10AS17102 


/L/S7B10IE17K 


//PD17103 


IE-17K 


IE-17K-ET 


SE-17103 


JL/S7B11AS17K 


/iS7B10AS17103 


/iS7B10IE17K 


//PD17103L 


IE-17K 


IE-17K-ET 


SE-17103 


/iS7B11AS17K 


/L/S7B10AS1 7103 


/L/S7B10IE17K 


/iPD17104 


IE-17K 


IE-17K-ET 


SE-17104 


/iS7B11AS17K 


J/S7B10AS17104 


A/S7B10IE17K 


/JPD17104L 


IE-17K 


IE-17K-ET 


SE-17104 


//S7B11AS17K 


/iS7B10AS17104 


/iS7B10IE17K 


/iPD17106 


IE-17K 


IE-17K-ET 


SE-17106 


A/S7B11AS17K 


/iS7B10AS17106 


A/S7B10IE17K 


/iPD17107 


IE-17K 


IE-17K-ET 


SE-17107 


/iS7B11AS17K 


A/S7B10AS17107 


/iS7B10IE17K 


/iPD17107L 


IE-17K 


IE-17K-ET 


SE-17107 


A/S7B11AS17K 


JL/S7B10AS17107 


A/S7B10IE17K 


/iPD17108 


IE-17K 


IE-17K-ET 


SE-17108 


A/S7B11AS17K 


/JS7B10AS17108 


fiS7B10IE17K 


AiPD17108L 


IE-17K 


IE-17K-ET 


SE-17108 


AiS7B11AS17K 


/iS7B10AS17108 


//S7B10IE17K 


/iPD17134A 


IE-17K 


IE-17K-ET 


SE-17134 


/iS7B11AS17K 


/iS7B10AS17134 


/iS7B10IE17K 


JUPD17135A 


IE-17K 


IE-17K-ET 


SE-17134 


A/S7B11AS17K 


/iS7B10AS17135 


/iS7B10IE17K 


A/PD17136A 


IE-17K 


IE-17K-ET 


SE-17134 


A/S7B11AS17K 


/iS7B10AS17136 


A/S7B10IE17K 


//PD17137A 


IE-17K 


IE-17K-ET 


SE-17134 


A/S7B11AS17K 


/iS7B10AS17137 


/iS7B10IE17K 


A/PD17201A 


IE-17K 


IE-17K-ET 


SE-17207 


/iS7B11AS17K 


/iS7B10AS17201 


/JS7B10IE17K 


/iPD17202A 


IE-17K 


IE-17K-ET 


SE-17202 


/iS7B11AS17K 


/iS7B10AS17202 


A/S7B10IE17K 


/iPD17203A 


IE-17K 


IE-17K-ET 


SE-17203 


/VS7B11AS17K 


/iS7B10AS17203 


/JS7B10IE17K 


J/PD17204 


IE-17K 


IE-17K-ET 


SE-17204 


A/S7B11AS17K 


/iS7B10AS17204 


/iS7B10IE17K 


/iPD17207 


IE-17K 


IE-17K-ET 


SE-17207 


juS7B11AS17K 


/iS7B10AS17207 


/iS7B10IE17K 
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Device 


Probe 


Receptacle 


PROM Burner 
PROMAC P2A (Ando) 


PROM Burner 
Adapter (Ando) 


A/PD17001 


EP-17001GH 


EV-9200G-48 


AF-9704 


AF-9796 


A/PD17002 


EP-17002CU 


EV-9200G-64 


AF-9704 


- 


A/PD17003A 


EP-17003GF 


EV-9200G-80 


AF-9704 


AF-9803 


/iPD17005 


EP-17003GF 


EV-9200G-80 


AF-9704 


AF-9803 


/iPD17006 


EP-17201GF 


EV-9200G-80 


AF-9704 


AF-9808E 


JL/PD17008 


EP-17008CW 


- 


AF-9704 


AF-9803 


A/PD17010 


EP-17003GF 


EV-9200G-80 


AF-9704 


AF-9803 


/iPD17051 


EP-17051 CU 


- 


AF-9704 


- 


/7PD17052 


EP-17052CW 


- 


AF-9704 


- 


//PD17053 


EP-17052CW 


- 


AF-9704 


- 


/iPD17102 


EP-17102G 


- 


AF-9704 


- 


/iPD17103 


EP-17103CX 


- 


AF-9704 


AF-9799 


/iPD17103L 


EP-17103CX 


- 


AF-9704 


AF-9799 


A/PD17104 


EP-17104CS 


- 


' AF-9704 


AF-9799 


JL/PD17104L 


EP-17104CS 


- 


AF-9704 


AF-9799 


A/PD17106 


EP-17106GC 


EV-9200G-64 


AF-9704 


AF-9803 


/JPD17107 


EP-17103CX 


- 


AF-9704 


AF-9799 


/JPD17107L 


EP-17103CX 


- 


AF-9704 


AF-9799 


JL/PD17108 


EP-17104CS 


- 


AF-9704 


AF-9799 


/iPD17108L 


EP-17104CS 


- 


AF-9704 


AF-9799 


/iPD17134A 


EP-17134CT 




AF-9704 


AF-9808F 


juPD17135A 


EP-17134CT 




AF-9704 


AF-9808F 


/iPD17136A 


EP-17134CT 




AF-9704 


AF-9808F 


/JPD17137A 


EP-17134CT 




AF-9704 


AF-9808F 


//PD17201A 


EP-17201GF 


EV-9200G-80 


AF-9704 


AF-9808A 


JL/PD17202A 


EP-17202GF 


EV-9200G-64 


AF-9704 


AF-9808B 


/JPD17203A 


EP-17203GC 


EV-9200G-52 


AF-9704 


AF-9808B 


^PD17204 


EP-17203GC 


EV-9200G-52 


AF-9704 


AF-9808B 


/JPD17207 


EP-17201GF 


EV-9200G-80 


AF-9704 


AF-9808A 
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Section 5 - Packaging Information 



Package/device cross reference 

16-Pin Plastic DIP (300 mil) 5 - 3 

1 6-Pin Plastic SOP (300 mil) 5 - 4 

22-Pin Plastic DIP (300 mil) 5 - 5 

24-Pin Plastic SOP (300 mil) 5 - 6 

28-Pin Plastic Shrink DIP (400 mil) 5 - 7 

28-Pin Plastic SOP (375 mil) 5 - 8 

48-Pin Plastic QFP (10x14) 5 - 9 

48-Pin Plastic Shrink DIP (600 mil) 5 - 10 

52-Pln Plastic QFP (14x1 4) 5- 11 

52-Pln Plastic QFP (14x14) bent lead 5 - 12 

52-Pln Plastic QFP (14x14) straight lead 5- 13 

64-Pin Plastic Shrink DIP (750 mil) 5 - 14 

64-Pln Plastic QFP (14x20) 5- 15 

80-Pln Plastic QFP (14x20) 5- 16 
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16-Pin Plastic DIP (300 mil) 
^PD17103CX 
^PD17P103CX 
HPD17107CX 
HPD17P107CX 



16 

XL 



n n n n 



U U U U U U 

1 



rxu 

8 



1 
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NOTES 

1) Each lead centerline is located within 0.25 
mm (0.01 inch) of its true position (T.P.) at 
maximum material condition. 

2) Item "K" to center of leads when formed 
parallel. 



C B 



0-15° 

P16C-100-300B 



ITEM 


MILLIMETERS 


INCHES 


A 


20.32 MAX. 


0.800 MAX. 


B 


1 .27 MAX. 


0.050 MAX. 


C 


2.54 (T.P.) 


0.100 (T.P.) 


D 


0.50 10 10 


+0.004 

0.020-° °o5 


F 


1.1 MIN. 


0.043 MIN. 


G 


3.5 + ° 3 


0.1 38 ±0 012 


H 


0.51 MIN. 


0.020 MIN. 


I 


4.31 MAX. 


0.170 MAX. 


J 


5.08 MAX. 


0.200 MAX. 


K 


7.62 (T.P.) 


0.300 (T.P.) 


L 


6.5 


0.256 


M 


„ + 10 

0.25 -cos 


+0.004 
0.01 -0.003 


N 


0.25 


0.01 


P 


1.1 MIN. 


0.043 MIN. 
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16-Pin Plastic SOP (300 mil) 
JIPD17103GS 
JIPD17P103G3 
HPD17107GS 
*iPD17P107GS 



B br hhh r h 



¥¥¥¥¥¥¥¥ 
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1 



C 

DiH 



A 



P16GM-50-300B 



NOTE 

Each lead centerline is located within 0.12 
mm (0.005 inch) of its true position (T.P.) 
at maximum material condition. 



ITEM 


MILLIMETERS 


INCHES 


A 


10.46 MAX. 


0.412 MAX 


B 


0.78 MAX. 


0.031 MAX 


C 


1.27 (T.P.) 


0.050 (T.P.) 


D 


0.40-o:oi 


O.OI6-0003 


E 


0.1 ±O1 


0.004 1 004 


F 


1.8 MAX. 


0.071 MAX. 


G 


1.55 


0.061 


H 


7 ? t03 


0.303 ±0 012 


1 


5.6 


0.220 


J 


1.1 


0.043 


K 


0.20-ooi 


_ 4 004 

0.008 -ooo2 


L 


0.6* 02 


- _„ , +0 008 

0.024 -o.oo9 


M 


0.12 


0.005 
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22-Pin Plastic DIP (300 mil) 

^PD17104CS 
HPD17P104CS 
U.PD17108CS 
^PD17P108CS 



nnnnnnnnnnn 



uuuuuuuuuuu 
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NOTES 

1) Each lead centerline is located within 0.1 7 
mm (0.007 inch) of its true position (T.P.) 
at maximum material condition. 

2) Item "K" to center of leads when formed 
parallel. 



0-15° 

S22C-70-300B 



ITEM 


MILLIMETERS 


INCHES 


A 


23.12 MAX. 


0.911 MAX. 


B 


2.67 MAX. 


0.106 MAX. 


C 


1.778 (T.P.) 


0.070 (T.P.) 


D 


0.50 010 


* O .0O4 

0.020 0.005 


F 


0.85 MIN. 


0.033 MIN. 


G 


3.2 103 


0.126 '° 012 


H 


0.51 MIN. 


0.020 MIN. 


I 


4.31 MAX. 


0.170 MAX. 


J 


5.08 MAX. 


0.200 MAX. 


K 


7.62 (T.P.) 


0.300 (T.P.) 


L 


6.5 


0.256 


M 


_ „ _ t O.IO 

0.25 o.o5 


_ _ . _ ( .0O4 
0.010 0.003 


N 


0.17 


0.007 
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24-Pin Plastic SOP (300 mil) 

*iPD17104GS 
HPD17P104GS 
^D17108GS 
M.PD17P108GS 



24 13 
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P24GM-50-300B-1 



NOTE 

Each lead centerline is located within 0.12 
mm (0.005 inch) of its true position (T.P.) 
at maximum material condition. 



ITEM 


MILLIMETERS 


INCHES 


A 


15.54 MAX. 


0.612 MAX. 


B 


0.78 MAX. 


0.031 MAX. 


C 


1 .27 (T.P.) 


0.050 (T.P.) 


D 


0.40-°°° 


„ „ „ „+0 004 
0.01 6-0 003 


E 


0.1 ±O1 


0.004 1 004 


F 


1 .8 MAX. 


0.071 MAX. 


G 


1 .55 


0.061 


H 


7.7*° 3 


0.303 *° 012 


I 


5.6 


0.220 


J 


1.1 


0.043 


K 


0.20 -0 05 


„ ^„ +0.004 
0.008 -0.002 


L 


0.6 ±o2 


- - _ . +O.OOB 

0.024-° 009 


M 


0.12 


0.005 
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28-Pin Plastic Shrink DIP (400 mil) 

HPD17134ACT 

HPD17135ACT 

HPD17136ACT 

JIPD17P136ACT 

JIPD17137ACT 

H.PD17P137ACT 



28 15 

nnnnnnnnnnnnnn 
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1 
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NOTES 

1) Each lead centerline is located within 0.25 
mm (0.01 inch) of its true position (T.P.) at 
maximum material condition. 

2) Item "K" to center of leads when formed 
parallel. 



I 

0-15° 



P28C-1 00-400 



ITEM 


MILLIMETERS 


INCHES 


A 


35.56 MAX. 


1 .400 MAX. 


B 


1 .27 MAX 


0.050 MAX. 


G 


2.54 (T.P.) 


0.100 (T.P.) 


D 


0.50 to1 ° 


_ _ _ _ +0 .004 

0.020 -0.0O5 


F 


1.1 MIN. 


0.043 MIN. 


G 


3.5 10 3 


0.138 *° 012 


H 


I 0.51 MIN. 


0.020 MIN. 


I 


4.31 MAX. 


0.170 MAX. 


J 


5.72 MAX. 


0.226 MAX. 


K 


10.16 (T.P.) 


0.400 (T.P.) 


L 


8.6 


0.339 


M 


. +0.10 
0.25 -0.05 


„ „ +0.004 
0.010 -0.003 


N 


0.25 


0.01 


P 


0.9 MIN. 


0.035 MIN. 
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28-Pin Plastic SOP (375 mil) 

JIPD17134AGT 

*iPD17135AGT 

^PD17136AGT 

|iPD17P136AGT 

fiPD17137AGT 

^PD17P137AGT 



HHHHHHHHHHHHHH 
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■DKH 



it 



'4-i- L 



a 



P28GM-50-375B 



NOTE 

Each lead centerline is located within 0. 1 2 
mm (0.005 inch) of its true position (T.P.) 
at maximum material condition. 



ITEM 


MILLIMETERS 


INCHES 


A 


18.07 MAX. 


0.712 MAX. 


B 


0.78 MAX. 


0.031 MAX.^ 


C 


1.27 (T.P.) 


0.050 (T.P.) 


D 


0.40 -0 05 


0.016-8:88 


E 


0.1 ±G1 


0.004*° 004 


F 


2.9 MAX. 


0.115 MAX. 


G 


2.50 


0.098 


H 


10.3 ±O3 


0.406-8:81 § 


I 


7.2 


0.283 


J 


1 .6 


0.063 


K 


O.15-8oi 


0.006 - 8882 


L 


q g±02 


^ +0.009 
0.031 -0.008 


M 


0.12 


0.005 
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Packaging information 



SEC 



48-Pin Plastic QFP (10x14) 

jiPD17001GH-xxx-2A5 
uPD17P001GH-2A5 



or 39 

CUE 

or 
or 

□r 



□E 

□x 
or 



48 



O 



1 

h i » i i m i 



25N 
24 



15 



3D 
no 

3D 
3D 
3D 
'3D 
313 
3E3 
3D 
3D 



detail of lead end 



4^4 



DO 



NOTE 

Each lead eenterline is located within 0.1 5 mm 
(0.006 inch) of its true position (T P.) at maxi- 
mum material condition. 




L 



ITEM 


MILLIMETERS 


INCHES 


A 


16.8 ±04 


0.661-8812 


B 


14.0± 02 


55 1 ±0008 


C 


100 ±0 2. 


0.394^8881 


D 


12 8 ±04 


0.504 ±0016 


F 


1.4 


0.055 


G 


1.8 


0.071 


H 


0.35 ±01 ° 


0.014-88os 


I 


0.15 


0.006 


J 


0.8 (T.P.) 


0.031 (T.P.) 


K 


1 .4 ±02 


0.055* 0008 


L 


0.6 ±02 


0.024-8881 


M 


0.20-8™ 


0.079-88f! 


N 


0.15 


0.006 


P 


2 2 ±oi 


0.087-8881. 


Q 


0.1 101 


0.004 ±0004 


R 


0.1 i01 


0.004 1 0004 


S 


2.5 MAX. 


0.099 MAX. 



P48GH-80-2A5-1 
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Packaging information 



48-Pin Plastic Shrink DIP (600 mil) 

HPD17002CU 
^iPD17051CU 



48 25 

nnnnnnnnnnnnnnnnnnnnnnnn. 



uuuuuuuuuuuuuuuuuuuuuuuu ' 

1 24 




~4L 

M 



0~15° 



NOTES 

1 ) Each lead centerline is located within 0.17 
mm (0.007 inch) of its true position (T.P.) 
at maximum material condition. 

2) Item "K" to center of leads when formed 
parallel. 



ITEM 


MILLIMETERS 


INCHES 


A 


44.46 MAX. 


1.751 MAX 


B 


1.78 MAX. 


0.070 MAX. 


C 


1.778 (T.P.) 


0.070 (T.P.) 


D 


0.50 ±O, ° 


0.020-° 005 


F 


0.85 MIN. 


0.033 MIN. 


G 


3.2 io 3 


q 12 g±0012 


H 


0.51 MIN. 


0.020 MIN. 


I 


4.31 MAX. 


0.170 MAX. 


J 


5.72 MAX. 


0.226 MAX. 


K 


15.24 (T.P.) 


0.600 (T.P.) 


L 


13.2 


0.520 


M 


0.25-oos 


_ „ , „ f O 004 
0.010-OOO3 


N 


0.17 


0.007 
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Packaging information 



SEC 



52-Pin Plastic QFP (14x14) 

uPD17203AGC-xxx-3BH 
^PD1 7P203AGC-001 -3BH 
uPD1 7P203AGC-002-3BH 
uPD1 7P203AGC-003-3BH 
HPD17204GC-XXX-3BH 




NOTE 

Each lead centerline is located within 0.20 mm 
(0.008 inch) of its true position (T.P.) at maxi- 
mum material condition. 



detail of lead end 



S52GC-100-3BH 



ITEM 


MILLIMETERS 


INCHES 


A 


17.2 + ° 4 


677±0 .016 


B 


14.0 + ° 2 


„ +0 009 

0.551 o oo8 


C 


14.0* 02 


0.551 -8:88i 


D 


17.2 + °4 


0.677 ±0 016 


F 


1 .0 


0.039 


G 


1.0 


0.039 


H 


0.40 + o 10 


0.01 6^8885 


I 


0.20 


0.008 


J 


1.0 (T.P. i 


0.039 (T.P.) 


K 


1.6 t0 2 


O.063 ±0 008 


L 


0.8* 02 


~ ~~ - +0 009 

0.031 -0.008 


M 


0.15 o'.os 


0.006 "8:883 


N 


0.15 


0.006 


P 


2.7 


0.106 


Q 


o.r ' 


0.004* 0004 


R 


0.1 *° 1 


0.004* 0004 


S 


3.0 MAX. 


0.119 MAX. 
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Packaging information 



52-Pin Plastic QFP (14x14) 
bent lead 

uPD17102G-xxx-00 



B 




P52G-1 00-00-1 



NOTE 

Each lead centerline is located within 0.20 mm 
(0.008 inch) of its true position (T.P.) at maxi- 
mum material condition. 



ITEM 


MILLIMETERS 


INCHES 


A 


21. o= - 4 


g 27 ±0 016 


B 


14.0 ?02 


0.551 -8808 


C 


14.0 ±O2 


0.551 -oooe 


D 


21 0£ O4 


0.827 ±0 016 


F 


1.0 


0.039 


G 


1.0 


0.039 


H 


40 -o 10 


0.01 6-8 085 


I 


0.20 


0.008 


J 


1.0 (T.P.) 


0.039 (T.P.) 


K 


3.5 ±02 


0.138-8.881 


L 


2 2 * 2 


0.087-8881 


M 


0.15-OO5 


0.006-8881 


N 


0.15 


0.006 


P 


2.6-8? 


0.102-8883 


Q 


0.1 ±ai 


0.004 ±0 004 


S 


3.0 MAX. 


0.119 MAX. 
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SEC 



52-Pin Plastic QFP (14x14) 
straight lead 

uPD17102G-xxx-03 




P52G-1 00-03-1 



NOTE 

Each lead centerline is located within 0.20 mm 
(0.008 inch) of its true position (T.P.) at maxi- 
mum material condition. 



ITEM 


MILLIMETERS 


INCHES 


A 


19.8 ±OA 


0.780-° 01 * 


B 


140 ±O2 


0.551 -o 88§ 


C 


14.0 ±O2 


0.551-8881 


D 


19.8 ±04 


0.780^:81? 


F 


1.0 


0.039 


G 


1.0 


0.039 


H 


0.40 ±0 10 


0.016-8881 


I 


0.20 


0.008 


J 


1.0 (T.P.) 


0.039 (T.P.) 


K 


2 9 ±o 2 


0.1 14-8881 


M 


0.15-Bos 


O.OO6-8883 


P 


2.6-8* 


0.102-8:88? 


T 


1.0 


0.039 


U 


1.45 


0.057 
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64-Pin Plastic Shrink DIP (750 mil) 

^PD17052CW 
JIPD17053CW 



64 33 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 



UUUUUUUUUUUUUUUUUUUUU UUUUUUUUUUU 
1 32 




D m N @l 



4L 

M 0-15° 



P64C-70-750A.C 



NOTES 

1 ) Each lead centerline is located within 0.17 
mm (0.007 inch) of its true position (T.P.) 
at maximum material condition. 

2) Item "K" to center of leads when formed 
parallel. 



ITEM 


MILLIMETERS 


INCHES 


A 


58.68 MAX. 


2.311 MAX. 


B 


1 .78 MAX. 


0.070 MAX. 


C 


1.778 (T.P.) 


0.070 (T.P.) 


D 


0.50' 010 


_ + OO04 

0.020 ° 005 


F 


0.9 MIN. 


0.035 MIN. 


G 


3.2° 3 


0.126 tO 012 


H 


0.51 MIN. 


0.020 MIN. 


I 


4.31 MAX. 


0.170 MAX. 


J 


5.08 MAX. 


0.200 MAX. 


K 


19.05 (T.P.) 


0.750 (T..P.) 


L 


17.0 


0.669 


M 


* 0. 10 

0.25 o. os 


0.01 -8:803 


N 


0.17 


0.007 
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SEC 



64-Pin Plastic QFP (14x20) 

uPD17106GC 

JIPD17P106GC 

H.PD1 7202AGF-xxx-3BE 

HPD17P202AGF-3BE 

uPD17301GF-xxx-3BE 



J 



4L 



detail of lead end 





4* 



P64GF-100-3B8.3BE-1 



NOTE 

Each lead centerline is located within 0.20 mm 
(0.008 inch) of its true position (T.P.) at maxi- 
mum material condition. 



ITEM 


MILLIMETERS 


INCHES 


A 


23.6* 04 


929*o oi6 


B 


20.0 ±O2 


0.795 ! ° 881 


C 


14.0*°2 


0.551 + o ool 


D 


17.6- 04 


693 ±o oi6 


F 


1.0 


0.039 


G 


1.0 


0.039 


H 


0.40* 010 


o.oi6 ! 8 88t 


1 


0.20 


0.008 


J 


1.0 (T.P.) 


0.039 (T.P.) 


K 


1.8*° 2 


0.071 -888S 


L 


0.8 tOJ 


0.031 8881 


M 


O.15*8og 


0.006 ! 88o3 


N 


0.15 


0.006 


P 


2.7 


0.106 


Q 


o.i* - 1 


0004 ^ooo4 


R 




004*0 004 


S 


3.0 MAX. 


0.119 MAX. 
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Packaging information 



80-Pin Plastic QFP (14x20) 

^PD1 7003AGF-xxx-3B9 

uPD17005GF-xxx-3B9 

HPD17P005GF-3B9 

uPD17006GF-xxx-3B9 

uPD17P006GF-3B9 

fiPD17010GF-xxx-3B9 

HPD17P010GF-3B9 

^iPD17201AGF-xxx-3B9 

^PD17207GF-xxx-3B9 

uPD17P207GF-3B9 



detail of lead end 




h \wrm q] 



=4» 



S80GF-80-3B9 



NOTE 

Each lead centerline is located within 0.15 mm 
(0.006 inch) of its true position (T.P.) at maxi- 
mum material condition. 



ITEM 


MILLIMETERS 


INCHES 


A 


23 2 to.4 


0.913 + 8:8U 


B 


20*o- 2 


0.787*8:881 


C 


14 + 2 


0.551 "8:881 


D 


17.2 + ° 4 


0.677: 0016 


F 


1.0 


0.039 


G 


0.8 


0.031 


H 


0.35 +o 10 


0.014 + 8.88t 


1 


0.15 


0.006 


J 


0.8 (T.P.) 


0.031 (T.P.) 


K 


1.6 + 02 


0.063 ±oo ° 8 


L 


0.8 +02 


+0.009 

0.031 coos 


M 


0.15* o.o5 


0.006 -8.883 


N 


0.15 


0.006 


P 


2.7 


0.106 


Q 


0.1 + ° 1 


0.004* 0004 


R 


0.1 + ° 1 


0.004* 0004 


S 


3.0 MAX. 


0.119 MAX. 
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